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PRODUCIBILITY 


ON DISCUSSION* BY 


Mai. -Gen. F. M. Hopkins, Jr., USAF 


Deputy “ommanding General for Operations, 
Air sarial Command 


HIS problem of producibility is far more compli- 

cated today than it was in 1943 or 1944. Our 
bomber and fighter aircraft are highly complex 
articles resulting from the increased requirements 
of higher performance. The technological develop- 
ments have brought about a much higher fidelity of 
product requiring increased dependence upon diffi- 
cult fabricating techniques, manufacturing toler- 
ances, and machining‘ operations in critical alloys 
in short supply. 

Those of us at Wright Field who started sponsor- 
ing producibility naturally collided head-on with 
those at Wright Field who were fanatical in their 
endeavors to get the last mile of speed out of these 
airplanes. 

It was finally a Command decision that produci- 
bility would be considered a major item in our eval- 
ation of new aircraft designs; that it would take its 
place as a major, rather than a minor, competitive 
item; and that it would have a point value of 20% 
of the total evaluation, which placed it on an equal 
footing percentagewise with two other major evalu- 
ation items: “tactical suitability” and “engineer- 
ing.” 

We have divided evaluation of producibility into 
three groupings: 

1. Design producibility. 
2. Manufacturing producibility. 
3. Costs. 


Design Producibility 


Examination of the design producibility factors 
allows determination of whether an aircraft is cap- 
able of rapid, efficient, expansible production. At- 
taining optimum design producibility will avoid the 
necessity for major production redesign. 

It is possible to accomplish the major aims of 
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scussion “Producibility” part of panel discussion on “Basic Problems 


of Producibility,” was presented at SAE National Aeronautic Meeting, 
Los Angeles, Oct. 6, 1949. (Complete panel, of which this discussion is 
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producibility in the design stage. However, this 
requires an early agreement between the design and 
production engineer—one striving for maximum 
performance, the other considering processes, costs, 
available production equipment, and other prosaic 
details. This agreement can result in a high per- 
formance article capable of efficient production. 

Design producibility involves simplicity of con- 
figuration, ease of fabrication, ease of assembly 
methods, and ease of component installation. It 
involves the choice of materials, the efficiency of 
fabricating processes, and the use of readily avail- 
able tools. 

For evaluation purposes, design producibility is 
divided into the principle factors of,.(1) configura- 
tion, (2) breakdown, (3) construction, and (4) ex- 
pansibility. These factors are interdependent, and 
when properly developed, establish a logical se- 
quence. Thus good configuration permits logical 
breakdown, and in turn facilitates construction, 
allowing rapid expansion of production. 

The description of the exterior surface shape 
must indicate the geometric contour in terms of 
cylindrical, conical, circular, constant, and other 
sections, straight line elements, flat pattern de- 
velopments, and fairing and fillet information. 
Production balance of these points results in sim- 
plified configuration. 

As you well know, surface smoothness, gap toler- 
ances, and joint laps are items which can compli- 
cate the production problem, hence this information 
must be given. 

The overall production problem can be supstan- 
tially influenced by interchangeability. We want 
to maximize interchangeability—left and right, fore 
and aft, and with other aircraft. 

The nature and location of the principle struc- 
tural members can be such that either producing 
these members is almost prohibitive or their loca- 
tion compromises or complicates producing the bal- 
ance of the aircraft, or both. Consequently, we 
want specific information on these points. 

The location of accessories and equipment must 





: 
| 
| 
| 
| 











maximize effectiveness, space utilization, and acces- 
sibility. 

Evaluation of these subpoints of configuration will 
indicate the producibleness of the fuselage and de- 
termine whether a redesign of the airplane’s con- 
figuration would be required. 

Breakdown—The subpoints of breakdown are in- 
tended to establish the overall effect on producibil- 
ity of the production breakdown. They should 
answer the questicns: 

1. What are the separation or assembly points? 

2. What are the mating tolerances? 

3. What is the sequence of assembly? 

4. Are the breakdown units of a nature or size 
that complicate transportation or storage? 

5. Are major breakdown units complete with 
equipment and functional components installed 
and can they be inspected and operationally tested 
prior to subsequent assembly? 

6. What is the nature of attachment between 
these breakdown units? 

In general, evaluation of this factor will deter- 
mine whether efficient volume production can be 
accomplished without a production breakdown 
redesign. 

Construction—Subpoints of this third factor are 
intended to determine the effect on producibility 
of the structure, the functional system, and the 
various joints. They should illustrate the con- 
formance with, or the departure from normal prac- 
tice. They describe the dominant features of the 
structure and the functional system. They define 
the nature of joints with information as to access 
for joining, clearance, tolerance, and alignment re- 
quirements; interchangeability or noninterchange- 
ability of service and production joints; and sup- 
port requirements while accomplishing the joint. 
Also explanation of the provisions for absorbing 
manufacturing tolerances through shims, oversize 
holes, or serrations is required. 

Again, we are sifting information as to how the 
construction features of the design contribute to 
producibility. Will it require redesign to allow ef- 
ficient production? 

Expansibility—The fourth factor, expansibility, 
has a less tangible benefit in peacetime but is an 
absolute “must” consideration under mobilization 
conditions. Evaluation of this factor will deter- 
mine the extent of production acceleration possible 
under volume production-demand conditions. 

Proper planning and foresight during the design 
stage can minimize the requirements for unusual 
and time consuming fabrication techniques, for 
critical materials, and for complicated tooling and 
masters. 

A bill of materials is necessary, showing rough or 
starting weights expressed in terms of bar, sheet, 
stock size, and nonstandard materials. 


Manufacturing Producibility 


Manufacturing producibility is divided into the 
factors of (1) schedules of prototype and produc- 
tion articles, (2) manufacturing plans, (3) plant 
facilities, (4) equipment facilities, and (5) man- 
power. The evaluation of this factor is intended to 
indicate whether efficient manufacture of the arti- 
cle is possible. 

Schedules—We consider the length of time from 
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design to prototype production go-ahead to proto- 
type completion, and from production go-ahead to 
first article and to peak production. We also con- 
sider the “lead” time of government furnisheg 
property (GFP) and the “work in process” time. 
“Lead” time is defined as the time required between 
arrival of the GFP item at the contractors plant 
and the shop completion or final assembly of the 
complete aircraft. ‘Work in process” time is the 
elapsed period from placement of the material or- 
der to delivery of the aircraft. 

Manufacturing Plans—We require information as 
to just how the aircraft is to be manufactured: the 
production assembly sequence, the production floor 
layout with flow charts, the flow times from opera- 
tion to operation. This information is required for 
successive intervals of production from first article 
to peak production. Also, we need an explanation 
of how the unusual fabricating techniques are to be 
accomplished and the proposed approach to the 
tooling problem, indicating those aspects which 
would facilitate or complicate rapid production ac- 
celeration. 

As you well remember from World War II, sub- 
contracting is essential to adequate mobilization 
production. Consequently, we must know the items 
planned for off-site production. 

Plant Facilities—we ask for the physical plant 
requirements for production of the aircraft: the 
flow space for fabrication and assembly, and head 
clearance and floor spans or “clear floor” spans— 
these items to be expressed in terms of on-site work. 
Also, we need information as to the required sup- 
porting airport facilities. These two items, plant 
facilities and supporting facilities, must be bal- 
anced against what the contractor has to show in 
the net position of the requirements. 

Equipment Facilities—We again must know the 
net position between the production equipment 
required and that available. This requires the de- 
velopment of rather detailed information on pro- 
cessing with the resultant of machine loadings. 
Quite naturally, particular attention will be given 
to the requirements for complex specialized equip- 
ment. 

Manpower—This final factor is intended to show 
the manpower required for production of the article 
from prototype to peak production. A breakdown 
is required showing allocations to engineering for 
production, production and tool planning, tooling 
manufacture, fabrication and assembly, indirect 
personnel, staff, and supervision. Particular infor- 
mation is necessary as to required know-how, avail- 
able nucleus of production and supervisory person- 
nel, rates of labor absorption, and learning curves. 


Cost 


The third and final major factor, cost, is very 
familiar to all of us. However, I believe it worthy 
of consideration that costs will, in the main, trans- 
late into materials, facilities, machine hours, and 
manpower. The information we are seeking in this 
factor is whether we are getting maximum return 
on the dollars invested. 

Several points relative to producibility have bee! 
very briefly covered in this short paper. They and 
other points are to be thoroughly covered in the Air 
Force Producibility Specification. 
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Modifying 


STANDARD PROPORTIONS 


of Involute Gears 
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N many cases, so-called standard gears selected 

from tables will perform very satisfactorily in 
transmitting power. But more and more people 
are becoming aware of the fact that, using the same 
amount of material (and sometimes even less) and 
the same cutting tools, the useful service life of 
these gears can be materially increased by modi- 
fication of the gear teeth. This is important be- 
cause it can be done at no increase in manufactur- 
ing costs. 

Modification is the term applied to gears which 
do not conform to the standard gear proportions, 
and this modification should be done if the design 
can be improved. However, it is always advisable 
to use standard hobs and gear shaper cutters if at 
all possible. In other words, the modification should 
be done by varying the position of the cutting tool 
in relation to the gear blank. While it is seldom 
thought of in that manner, gear teeth are actually 
modified when they are cut thinner than standard 
to provide blacklash. 

Other reasons for modification of gear teeth are 
to increase strength by eliminating undercut and 
providing thicker teeth, to give more continuous 
tooth action by eliminating undercut, and to make 
gears to run on nonstandard centers, in cases where 
these centers have already been established by other 
factors. In the majority of cases, however, modi- 
fication is used to increase tooth strength. 

Before continuing on the subject of modification, 
let us examine briefly the properties of the involute 
curve. An involute of a circle is the curve described 
by the end of a string as it is unwound from that 
ircle. In the case of a gear, this circle is called the 
base circle. The rise of an involute cam on a line 
zent to the base circle would be equal to the 
ement of a point on the circumference of the 
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Fig. 1—Sketch showing elements determining pressure 
angle of an involute gear 


base circle. Thus if a point on the base circle moved 
through an arc of 90 deg, the cam would have a rise 
equal to one-fourth of the circumference of the base 
circle. In Fig. 1, the cam has risen a distance DE, 
which is equal to a distance AC on the circumfer- 
ence of the base circle. 

The pressure angle at a given point on the invo- 
lute curve is the angle between a line through that 
point and the center of the base circle, and a line 
tangent to the involute at that point. Thus, in Fig. 
1, the pressure angle at D is %,, and the pressure 
angle at Eis ¢,. Also, the line tangent to the invo- 
lute at a given point is at right angles to the line 
through that point and tangent to the base circle. 





























It can be seen, then, that as a point moves farther 
out on the involute, the pressure angle increasses. 

The radius R,, passing through the point D, is the 
pitch radius for the pressure angle ¢,, and the radius 
R, is the pitch radius for the pressure angle ¢.. 
Thus, the pressure angle is determined by the length 
of the radius intersecting the involute, and is limited 
only by the outside radius of the gear blank. 

Since practically all gears manufactured in this 
country are specified by diametral pitch, or number 
of teeth per inch of pitch diameter, usually the first 
two things known about a gear are its number of 
teeth and its pitch diameter. This pitch diameter 
is found by dividing the number of teeth by the 
diametral pitch. A third factor is known, or must 
be selected, and that is the pressure angle. This 
pressure angle, as found on a gear specification, is 
given at the pitch diameter determined previously, 


P =cP 
Pn = BP 
Pn 
P D 
cP as 











Fig. 3—A gear in mesh with its basic rack 
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Fig. 2—This diagram shows that pressure ch 

angle increases as center distance in- 

creases, and decreases as center distance 
decreases ta 
a 
ce 
th 
or 
Ol 
unless specifically stated at some other : 
radius. | 
Knowing the pitch radius of a gear, Ps 
and its pressure angle, the base radius . 
can be found by multiplying the pitch 7 
radius by the cosine of the pressure : 
angle, or ‘R,=R, cos ¢,. This radius de- t] 
termines the base circle from which the te 
involute of that particular gear is de- d 

scribed. Once the base circle is found, 

_ the pressure angle at any other radius it 
can be found. . 
Thus, the pressure angle at R, is cos ¢, —. The f 
pressure angle, then, is different at each different y 
point on the involute, and it is for this reason that . 
it must be specified at a certain radius. Actually, a r 
gear has no pitch diameter or pressure angle until ‘ 
it is meshed with another gear or a rack. : 
It has been shown that the contact point on an ( 
involute is always on a line tangent to its base circle. ( 
Thus, the contact point between two mating invo- " 
lutes would travel along a line tangent to the base f 
circles of the involutes. The angle between a line { 
normal to this tangent line, and a line between the ! 


centers of the base circles is the operating pressure 
angle of these involutes, and is always equal on each 
involute. 

Since the base circle of an involute does not 
change, once the involute is established, if the base 
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Fig. 4—Moving the gear away from its basic rack by the 
distance C introduces considerable backlash 
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circles are moved farther apart the line tangent 
to them assumes a different angle with respect to 
the line of centers; and hence the pressure angle 
changes. 

This is shown in Fig. 2, where for one center dis- 
tance there is a pressure angle ¢,, and for the other 
a pressure angle ¢,. This angle increases when the 
center distance is increased, and decreases when 
the center distance is decreased. This is the basis 
on which involute gears can be successfully operated 
on different center distances, for the base circle 
does not change when the gear centers are changed. 
The pitch radii, or the two radii determined by the 
point of intersection of the center line and the line 
tangent to the two base circles, will change, however, 
increasing with increased center distance, and de- 
creasing with decreased centers. 

The pitch radii of a pair of mating gears are in 
the same proportion as their respective numbers of 
teeth, and their sum is always equal to the center 
distance. 

When a gear is meshed with its basic rack, though, 
its pitch radius and its pressure angle remain the 
same, even though its center is moved closer to, or 
farther away from, the rack. The effect is merely 
a change in backlash. 

In Fig. 3 is shown a gear in mesh with its basic 
rack. It is contacting the rack at point A, and its 
pressure angle ¢, at that point, corresponds to the 
pressure angle of the rack. The axial pitch of the 
rack, P, is equal to the circular pitch of the gear, 
CP, on the pitch diameter, and the normal pitch Pn 
of the rack is equal to the base pitch BP of the gear. 
The base pitch of a gear is equal to the circumfer- 
ence of the base circle divided by the number of 
teeth; and is also the spacing between two teeth 
measured on the line of action. 

This line of action, in the case of a gear and a 
rack, is the line tangent to the base circle and nor- 
mal to the side of the rack tooth. It is the path of 
the contact point between the two members when 
they are in motion. In the case of two mating gears, 
the line of action is the line tangent to the two base 
circles. 

The base pitch of a gear is actually one of its most 
important dimensions. The base pitches of a pair 
of gears must be equal or they cannot be meshed. 
The accuracy with which these dimensions are held 
will determine the quietness and ultimate life of 
the gears. 

In considering the action between the gear and 
rack, if the axial pitch P, of the rack, and the cir- 
cular pitch CP of the gear are equal, the pitch 
radius R of the gear will roll on the pitch line D of 
the rack, as contact progresses from one tooth to 
another. The contact point A, on the rack, is lo- 
cated by the pitch line D on which the width of the 
rack tooth space is equal to the circular thickness, 
at the pitch radius R, of the gear tooth. For a 
Standard gear, the tooth and space thickness are 
equal at R. 

In Fig. 4 are shown the same gear and rack in 
Fig. 3. The gear has been moved away from the 
rack the distance C, the contact point has moved 
from A to B, and the rack pitch line has moved out 
the distance C. This introduces considerable back- 
la sh, for the pitch diameter of the gear must roll on 
the new pitch line E, and the tooth space of the 
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rack at the new pitch line is larger than in Fig. 3. 

However, another gear, having the same number 
of teeth, the same pitch diameter, and the same 
pressure angle as the first gear, but having a circu- 
lar tooth thickness at the pitch diameter equal to 
the rack tooth space at the pitch line E, can be 
meshed with the rack without backlash. This gear 
is shown by the dotted lines in Fig. 4. In this gear, 
the outside radius and the root radius have been 
increased the amount C. Because the pitch diam- 
eter and pressure angle of the gear remain the same, 
the base circle does not change; hence the basic 
involute is the same, but a portion of that involute 
farther from the base circle is used. 

If, in the preceding examples, a cutting tool, or 
hob, was substituted for the basic rack, it would cut 
the gear shown in Fig. 3, and would cut the dotted 
gear shown in Fig. 4. There would then be two 
different gears, one with larger, and consequently 
stronger teeth, and each one being able to operate 
smoothly with a common basic rack. Also, either 
of these gears could be meshed with any other gear 
having the same base pitch, the only difference 
being in the center distance. 

It can be seen, then, that the basic operation in 
modifying gears is changing the relation of the 
basic rack, or hob, in relation to the gear center. 
The hob, being basically a screw thread, gashed to 
provide cutting edges, advances one tooth in one 
revolution. At the same time, through an index 
gear train, the gear blank is rotated one tooth space. 
This gives the rolling effect mentioned, with the 
rolling being done on the pitch circle, or generating 
circle, as it is called during the cutting operation, 
and with the gear tooth thickness at the generating 
circle being determined by the hob tooth space 
rolling on that circle. 

















Fig. 5—Four positions of a hob relative to a gear blank are shown here 
as well as involute positions corresponding to the hob positions 



































Fig. 6—Compared here are a standard pair of gears of 36/12 ratio, solid 
lines, with a long and short addendum pair, dotted lines 





Usually, the first point to consider in modifying 
gears is whether undercut exists and, if so, how 
much movement of the hob is needed to eliminate 
it. In Fig. 5 are shown four positions of a hob 
tooth in relation to a gear blank. Also shown are 
the positions of the involute corresponding to the 
hob positions, and radial lines from the ends of the 
involute at the base radius R,, to the center of the 
gear. 

In position 1, the angle » is formed by the side of 
the hob tooth and the radial line. In this position, 
the angle w has a positive value. In position 2, in 
which the hob and the gear blank have each moved 
a corresponding amount, the angle o is less, but still 
has a positive value. Position 3 shows the radial 
line at the same angle as the side of the hob tooth, 
and therefore, angle is zero. 

In position 4 the hob tooth has crossed the radial 
line, and the angle » becomes negative. Since the 
hob tooth has actually crossed the radial line, it is 
cutting inside that line, and will remove a portion 
of the involute as it continues generating. There- 
fore, if the hob tooth must not cross the radial line, 
it should not project below the point A. At that 
point, if the hob tooth ends and the radial line 
begins, the two cannot cross. 

The dimension B represents the minimum dis- 
tance from the tip of a sharp cornered hob tooth to 
the center of the gear to avoid undercut, and is 








found by the equation B=Rcos* ¢. Point A is calleg 
the interference point. 

The most common form of gear tooth modifica- 
tion is the cutting of long and short addendum 
gears. Gears of this type are run at standard 
center distances, and at their original pressure 
angles. Fig. 6 shows the comparison between a 
standard pair of gears of 36/12 ratio, shown by the 
solid lines, and a long and short addendum pair of 
the same ratio, shown by the dotted lines. 

The gears have a 25-deg pressure angle, and the 
long and short addendum pair has an addendum 
ratio of 0.625/0.375. This means that the addendum 
of the pinion is equal to 0.625 multiplied by the 
working depth, or sum of two standard addendums. 
The addendum of the gear is equal to 0.375 multi- 
plied by the working depth. The standard pair of 
gears would have an addendum ratio of 0.500/9.500. 
Ratios greater than 0.750/0.250 are seldom used 
because the tip of the pinion tooth becomes too 
pointed. 

The long and short addendum pair still has the 
same pitch diameters, pressure angle, and base 
circles as the standard pair. The difference is in 
the outside diameters of the gear blanks, and the 
tooth thickness at the pitch lines. The hob has 
been moved away from the pinion center a given 
amount, increasing the tooth thickness at the pitch 
line. The outside radius of the pinion is increased 
the same amount the hob is moved out. 

The hob is then moved toward the gear center the 
same amount, and the outside radius of the gear is 
decreased likewise. The gear tooth thickness at the 
pitch line is then decreased the same amount the 
pinion tooth is increased, and the sum of the two 
will equal the circular pitch just the same as in the 
standard gears. 

It can be seen, then, in Fig. 6 that the pinion 
tooth, which is the weaker of a pair of gears, has 
been increased in thickness, and consequently, 
strength, in the long and short addendum pair. 
Care must be taken to see that the gear is not 
undercut when the hob is moved into it. For this 
reason, long and short addendum gears are not rec- 
ommended for ratios of less than 3 to 1. 

Another type of gear modification is that used to 
enable gears to operate on other than standard 
center distances. These changed center distances 
may be either greater or less than standard, and 
will be accompanied by a corresponding change in 
working pressure angle, as described previously. 
Where nonstandard center distances are used, one 
gear of the pair can be standard, and the other can 
be modified. This is quite often done when the 
standard gear is already being used as part of an- 
other gear train. If only two gears are concerned, 
it is customary to modify both. 

In Fig. 7, a pair of standard gears, Nos. 1 and 2, is 
shown in solid lines, with their center distance in- 
creased, and with considerable backlash. Shown 
by dotted lines is a modified gear, No. 3 meshing 
with gear No. 1 with no backlash. R, and R, are the 
standard pitch radii, or generating radii. WR, and 
WR, are the working pitch radii, and are in propor- 
tion to the number of teeth in the respective gears, 
and with their sum equalling the center distance. 

The working circular pitch, WCP, is found >) 
dividing the circumference of the working pitch 
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circle by the number of teeth, and is the same for _ 
poth gears. Knowing the tooth thickness T, of gear 
No. 1, at the generating radius R,, the tooth thick- ) 
ness T, at the working pitch radius WR, can be cal- 
culated. Substracting T, from the working circular | 
pitch WCP, the tooth thickness T, of the modified 
cear, No. 3, at the working piteh radius WR, is hes 
fou T,, the tooth thickness at the generating ie 
radius R, can then be calculated. From this teoth , Ro, 
thickness, the position of the hob can be determined // 
for cutting the modified gear. The outside radius, ; CZ 
OR. of gear No. 3, is determined by the desired G&G 
clearance with the root of gear No. 1. /- GEAR* | 

This type of modification can be carried to the ex- »— GEAR*2 
tent shown in Fig. 8. In Fig. 8b is shown a standard Ly GEAR*3 





pair of gears of 13/26 ratio, operating on a standard 
3900 center distance. In Fig. 8a is a 12/26 ratio, 
and in Fig. 8c is a 14/26 ratio. These ratios also 
operate on the 3.900 center distance, but with differ- 
ent pressure angles. Also, the 26-tooth gear is the 
same in all three ratios. 

The standard center distance for the 12/26 ratio 
is 3.800, and for the 14/26 ratio is 4.000. Thus Fig. 
8a is an example of increasing the center distance, 
and Fig. 8c is an example of decreasing the center 
distance. The case in Fig. 8a is usually referred to 
as “dropping a tooth,” and in Fig. 8b as “adding a 
tooth,” and makes possible some change in ratio 
without changing the gear case. 

While there are other possible combinations of ; 
modified gears, the results in all cases are achieved | : : 
by the same means, that is, by the displacement of Fig. 7—Gears Nos. 1 and 2 in this case are standard gears with their 


é : center distances increased so that there is considerable backlash. No. 
the cutting tool with Tespect to the gear blank. 3, a modified gear, meshes with No. | with no backlash 

















Lo742 | }2316 








\ 
. 21° 38' 8.91" 


V/ / 


26T 26 T-5DP-25°PA 26T 


(a) (pb) (C) 


3—The gears in (a) and (c) are modifications of the pair in (b), which is a standard pair of gears of 13/26 ratio operating on 3.900 center 
ce. Modification in (a) is usually called “dropping a tooth;” the ratio here is 12/26. “Adding a tooth’ is the type of modification in (c), 
with a 14/26 ratio 
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The diagram shows the instrumentation set-up 
used for comparing a synchronized and conven- 
tional truck transmission. 

AS an engine speed signal generator, a Weston 
Model 44 tachometer generator was used, having a 
direct current output proportional to speed. This 
tachometer was belted to an extension of the front 
of the crankshaft with a 2 to 1 reduction. 

Since the tachometer output signal has small 
alternating current components, a filter was used 
consisting of a resistance capacitance network with 
a time constant of 0.020 sec. This selection of ele- 
ments effectively eliminated the a-c signal without 
affecting the d-c signal. 

The filtered d-c signal was passed through the 
d-c amplifier section of a Brush Strain Analyzer, 
model BL310S, and from there the amplified d-c 
signal was fed to a Brush Oscillograph, model BL- 
201i. This oscillograph consists of a chart drive 
mechanism which feeds radially-ruled paper at a 
constant speed under the point of a pen. The pen 


is positioned by a pen motor which is driven by the 
input signal. Therefore, the oscillograph chart is 
a plot of variation in input signal against time or, 
in this case, a plot of engine speed against time. 

The instrument was calibrated by running the 
truck engine at various speeds, as read on a Hasler 
Hand Tachometer, and a calibration chart plotted. 

All tests were run at a paper speed of 1 cm per 
sec (vertical scale). One centimeter on a hori- 
zontal scale equals approximately 350 rpm, with 
zero speed 2 cm up from the bottom of the chart. 
The 115-v 60-cycle power for the amplifier and 
oscillograph was provided by a 150-w vibrator con- 
verter, driven by a 12-v storage battery. 

Truck used for these tests was a GMC Model 
AF654, with a 308.2-cu in. engine, rated at 240 lb-ft 
and 100 hp at 2750 rpm. Transmission used was a 
Spicer Model 4553, five-speed overdrive, with and 
without synchronizers. It has a ratio of 6.10 to l 
in first and 0.77 to 1 in fifth. Axle ratio was 8.74 to 
1 and tires, 11.00 20. 








SAE JOURNAL 


— 








1} Versus Con 


SCILLOGRAPH studies point up operating ad- 

vantages of synchronized over conventional truck 
transmissions by showing exactly what happens 
during the shifting cycle. 

This work consisted of plotting engine speed 
against time. Engine speed proved an excellent 
indicator of what goes on during the shift, particu- 
larly so with conventional transmissions since the 
shift depends on the relationship of engine speed 
to road speed. (See box for discussion of test set- 
up). 

For an exact comparison, the same transmission 
was used for all tests, the synchronizers being re- 
moved for the conventional tests. All conventional 
shifts were made by double clutching, while the 
synchronized ones were with single clutching. 

Recordings were made of engine acceleration and 
deceleration. These were used for plotting the 
theoretical shift diagrams for the conventional 
transmission, shown in Fig. 1. The chart at left 
shows an upshift from third to fourth gear, starting 
with the engine at 2520 rpm. The horizontal line 
at 1400 rpm indicates the engine speed correspond- 
ing to road speed in the fourth gear. A theoretically 
perfect shift would be made the instant the engine 
speed crosses this line. 

It was established that shifts could be made with 
no clashing with speed differences of the mating 
parts of +50 rpm and that acceptable shifts, with 
only minor clunking or clashing, could be made up 
to an approximate speed difference of +100 rpm. 
This range is indicated by the shaded area. A shift 
made before point A will crash, though after some 
delay the engine may fall into the shift zone and 
the shift may be completed. 

A shift made after point B will crash, and delay 
Will cause worse crashing as the engine falls away 
from the shift zone. Note that the time interval 


“Synchronized Versus Conventional Transmissions in Truck 
1,’ was presented at SAE National West Coast Meeting, Port- 
g., Aug. 16, 1949. (This paper is available in full in multilitho- 
form from SAE Special Publications Department. Price: 25¢ to 
50¢ to nonmembers 


NOVEMBER, 1949 25 


EXCERPTS FROM PAPER* BY D. D. Robertson 


Sales Manager, Spicer Mfg. Division, DANA CORP 


ventional 


permitted the driver for completing an acceptable 
shift is only 0.3 sec. 

The view on the right of Fig. 1 shows a theoretical 
downshift from fourth to third gear, starting with 
the engine at 1400 rpm. The horizontal line at 
2520 rpm indicates the engine speed corresponding 
to road speed in third gear. 

With full throttle the engine follows the accelera- 
tion curve, reaching the shift zone at B in 0.4 sec. 
and passing through it to A in 0.1 sec. This time 
interval is so short that only with extreme skill 
could such a shift be made. Usually the engine is 
carried above the shift zone and advantage taken 
of the relatively longer 0.25-sec interval passing 
through the shift zone on the engine deceleration 
curve. 


Demands Driver Care 


Of course if the shift is timed so that the governed 
speed lies within the shift zone, there will be ample 
time for the shift after the engine hits the governor. 
But this requires careful calculation on the part of 
the driver for each gear change. 

These theoretical shift curves do not apply to 
synchronized transmissions since the shift is made 
independently of engine speed and there is no time 
limitation. 

Fig. 2 shows four sample oscillograph charts of 
upshifts indicating from left to right, the shifts 
from second to third, third to fourth, and fourth to 
fifth. Note the crash points on the third chart. 
These were noted manually by the oscillograph 
operator. The fourth chart was a trick shift made 
without declutching and without crashing. The 
driver watched the tachometer and engaged the 
shift at the exact speed necessary for a theoretical 
shift as described above. 

It should be pointed out that there was a variation 
in acceleration and deceleration between shifts, and 
particularly between different drivers. Considera- 
tion should be given only to the shifting periods 
and not to the intervals between shifts. 
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Fig. 1—Theoretical conven 
tional shift diagrams 
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In Fig. 3 are shown representative upshift curves 
of synchronized and conventional transmissions of 
poor drivers. The small peak at the extreme left 
indicates speed-up of the engine before engaging 
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the clutch in starting the vehicle. The points of 
declutching, engaging the shift, and reclutching 
are indicated. It should be noted that the time pat- 
tern for both types is almost identical and the shifts 
were made approximately at the same 
points. Apparently the poor driver 
proceeds with his shifts as fast as he 
can, regardless of what is going on in 
the transmission. 

With the conventional unit, the sec- 
ond to third and third to fourth shifts 
were made too soon and the fourth to 
fifth too late, resulting in crashes. 
This is due to the wider spread be- 
tween the lower speed gears and the 
longer time required to reach the shift 
point as compared with the fourth to 
fifth shift. Similar poorly timed shifts 
with the synchronizers caused no dif- 
ficulty. A long interval between shift 
and reclutch seems typical, frequently 
permitting the engine to drop to very 
low speeds. This is shown in the 
sharp dips during the third to fourth 
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Fig. 2—Sample oscillograph charts of up- 


poe shifts with both conventional and syn- 


chronized transmissions 
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Fig. 4 is a similar comparison with good drivers. 
With the conventional transmission the engine is 
permitted to drop to the shift point before the shift 
is made and smooth shifts result. There is a slight 
further dip in the engine speed until the clutch can 
be reengaged and the engine brought up to road 
speed. 

Note that there is nothing the driver can do to 
speed up this shift without crashing. With the 
synchronized unit the shift is made quickly as it 
is not necessary for the engine to drop down. The 
clutch is frequently reengaged above the shift point. 
The jog in the third-fourth shift curve indicates 
the reapplication of throttle just before reclutching 
pulled the engine down to road speed. 


Downshift Studies 


Sample oscillograph charts of the more difficult 
down shifts are shown in Fig. 5. From left to right 
the shifts are fifth to fourth, fourth to third, and 
third to second. Upon the completion of each shift 
the vehicle was decelerated for the next shift in- 
stead of being accelerated until forced down by load 
and grade, as would be the case in normal operation. 
Consequently the lines between the shifts have no 
practical meaning. 

Representative downshift curves with poor drivers 

re shown in Fig. 6 with the connecting lines be- 
tween shifts omitted to avoid confusion. 
Universal among poor drivers was a tendency to 
cul the throttle at the start of the downshift. This 
clearly indicated on the curves. It is noticeably 

pronounced with synchronizers, probably be- 

e the many motions of double clutching are not 
essary. After the short dip in engine speed the 

ine is accelerated rapidly in an attempt to bring 
ip to, or above, the shift zone. With the syn- 
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chronizers, the shift is completed during this ac- 
celeration period. With the poor driver, clutch re- 
engagement may be made either above or below the 
shift zone without affecting the smoothness of the 
shift. 

With the conventional transmission, the shift 
may be made during the shift zone as in the case 
of the fifth to fourth shift, but the curves show all 
too plainly the well known difficulties of the un- 
skilled driver with downshifting. Particularly in 
the lower gears the shift is usually attempted well 
below the shift point and a crash isinevitable. Fre- 
quently a second or third crash follow. These are 
the most severe and serious crashes since the engine 
is falling rapidly away from the shift point. 
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Fig. 4—Characteristic upshift patterns of a good driver 
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If the driver is able to force such a shift, the 


: battering and chipping of the clutching gear teeth is 
very serious. 


In Fig. 7 are downshift curves of good drivers. 
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With them, acceleration of the engine 

is begun at the start of the shift. With 

the conventional transmission the 

throttle is held wide open, usually 

until a speed above the shift point is 

reached, and the shift made as the 
‘ shift point is passed coming down. A 
further dip takes place before the 
clutch can be reengaged. A great deal 
of skill is required for this precise 
timing. 

With the synchronizers, the urge for 
instant acceleration is less since the 
shift is made while the engine is sped 
up, so that by the time the shift is 
completed, the engine is approxi- 
mately at road speed. 

A very important phase of shift- 
ing occurs when it is necessary to 
shift down to lower gears on steep 
down grades for engine braking. Missing such a 
shift may very well result in a runaway and a seri- 
ous wreck. The factors involved in such a shift are 
illustrated in Fig. 8. The diagonal lines represent 
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engine speeds corresponding to road speeds in fourth 
gear and in fifth gear and indicate the acceleration 
of the vehicle on the down grade. The three curves 
represent free engine acceleration as taken from the 
engine acceleration recordings. 

Assume the vehicle to be running in fifth gear. 
If the shift down to fourth gear is made soon enough, 
as indicated by the'curve on the left, there is no 
difficulty in making the shift, since the engine speed 
for fourth gear is below the governor. If the shift 
is delayed to the point represented by the center 
curve, it is impossible to increase the engine speed 
to the shift point since this is now above governed 
speed. This point represents approximately the 
latest time it would be possible to make a crash 
shift and get into gear. 

It is important to note that any further delay be- 
yond this point will leave the driver in the helpless 
position of being unable to bring the engine speed 
high enough for a shift; and there is the very serious 
danger that the shift can not be made, leaving the 


vehicle running away and out of gear. 

The curve on the right indicates that with the 
synchronized transmission it is still possible to be 
sure of making the shift at, or below, engine 
governed speed at a much later time. Reclutching 
will of course carry the engine up to a very high 
speed, but the engagement will be made and ad- 
vantage taken of the braking effect. 

Such a situation is obviously an emergency one. 
It presents an important safety feature available 
with synchronizers. 

The large number of runs by different drivers 
brought out several points about shifting the two 
types of transmissions. 

With conventional transmissions the shifting 
time is a function of the acceleration or decelera- 
tion of the engine and vehicle and cannot be con- 
trolled by the driver. With synchronized trans- 
missions, as the shift is independent of engine and 
vehicle speed, the shifting time is under control of 
the driver. 
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OW far we should go in increasing the power of 

trucks to satisfy demands for higher speeds with 
heavier loads depends mainly on economic consid- 
erations. ... And we may have to consider legis- 
lated performance minimums, too, now that law- 
makers are concerning themselves with minimum 
speeds. 

Back of this insistence upon more payload and 
speed is an economic urge. A truck earns only as 
it produces ton-miles; but an important part of its 
costs go on with time, regardless of the rate at 
which it produces. The greater the number of ton- 
miles reeled off in a day by each vehicle, the lower 
the unit cost. Ton-mileage can be increased in only 
two ways—more tons per load or more loads per 
day; more payload or more speed or both. 

There are limitations on both loads and speeds. 
Loads are limited by legislative limitations on sizes 
and weights and also by availability of revenue 
traffic. Speeds are limited likewise by legal limits 
and by considerations of safety. Maximum daily 
mileage depends upon average speed. The highest 
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7— Fig. 1—Effects of gear reduction 
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=  ‘umerical ratios beyond that at 
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average speed can be attained only by realizing the 
maximum practicable acceleration and maintain- 
ing the utmost speed on adverse grades. 

But whether ton-mileage per vehicle-day is in- 
creased by hauling bigger loads or by increased 
average speeds, more horsepower is the indispensi- 
ble prescription. 

Obviously, though, if power increase is carried to 
extremes, then the margin of extra cost will go up 
decidedly. Our business as engineers is to deter- 
mine just where the breaking point lies. It may 
be worth while for us to give some thought to legis- 
lation on power, too. 

Here are some factors for us to consider in the 
trend toward more powerful engines: 

Cost of Performance—That increased perform- 
ance ability does increase cost is generally assumed 
Certainly the more powerful vehicles, properly en- 
gineered for the power increase, will have higher 
purchase prices and this will affect such time 
charges as interest and insurance. But driver's 
wages, garaging, washing and polishing, painting 
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lubrication, inspection, and adjustment will prob- 
ably remain unaffected. Similarly, mileage charges, 
such as amortization, engine and chassis repairs, 
and lubricating oil will be affected somewhat while 
other mileage charges, such as tires and mainte- 
nance of body and equipment should show no 
difference. ; 

Even fuel, which most people assume will be con- 
sumed in greater quantity by a larger engine may 
actually show no increase, within limits. Experi- 
ence with larger powerplants in recent years has 
convinced many operators that the popular notion 
that fuel consumption is necessarily proportional to 
engine displacement is erroneous. An engine is not 
a fuel meter. There is not much difference in the 
fuel consumption per ton-mile per hour between 
different engine sizes: Long observation leads to 
the conclusion that fuel consumption for a given 
gross weight is proportional to swept volume per 
mile. That this does not spell greater consumption 
proportional to displacement is due to the fact that 
with more powerful engines, the prevailing gear- 
reduction is less and so the swept volume does not 
change materially. As a matter of fact, experience 
of late has shown instances without number where 
vehicles otherwise similar and operating under like 
roads over identical routes, have shown greater fuel 
economy with the larger postwar engines than they 
did with the smaller prewar sizes. This is variously 
ascribed to the use of the slower gears a smaller 
part of the time, longer coasting runs due to higher 

eed at hillcrests, less operation on the governor 

to earlier upshifts, and a better average power 

tor on the engine due to the same causes. 

Of course, carrying power increase to extremes 
| boost costs markedly. Practically all items will 
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rise except body equipment maintenance, for to 
carry the considerable extra weight entailed, and 
to conform with weight regulations, additional axles 
will be required which will affect such items as ga- 
rage, washing and polishing, painting, lubrication, 
inspection and adjustment, and tires. Drivers’ 
wages, too, will undoubtedly increase, and certainly 
fuel consumption will rise. 


Gearing for Economy—Possibilities of broader 


ranges of gear ratios have hardly been explored, 
largely because of the knotty problems in gearbox 
design which have confined these ranges heretofore. 
Obviously for the utmost economy, the engine load- 
ing should be kept within the rather narrow speed 
range within which the specific fuel consumption 
is lowest. To accomplish this at moderate road 
speeds would require much lower numerical ratios 
than at present considered. Fig. 1 suggests some of 
the possibilities along this line. 


Suppose, then, that we go back to the Rhode 
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Fig. 2—Net horsepower required on 4% grade, concrete, for various 
gross weights at various speeds 
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Fig. 3—Net horsepower requirements by gross weights at various 
weight-to-power ratios 


Island idea of 4% grade ability at a certain speed. 
Fig. 2 shows the result. Since Rhode Island found 
such a requirement impossible to administer on a 
physical test basis, suppose we endeavor to trans- 
late these various standards into terms of pounds 
per horsepower. The results are found also on the 
chart, Fig. 2, varying from 313 to 347 lb per hp for 
20 mph; from 250 to 268 lb per hp for 25 mph; and 
from 200 to 220 lb per hp for 30 mph. 

Resorting then to the A.M.A. rating proposal, then 
330, 260, and 210 lb per hp respectively would cover 
such requirements. Such ratios represent horse- 
power requirements far beyond current practice. 

For a 60,000-lb combination to negotiate a 4% 
grade at 30 mph requires 273 net hp. As this is, 
furthermore, no more than the potential perform- 
ance possible with such power, it presumes the ex- 
act gear ratio required for this speed with given 
tire size and governed engine speed. Realistically, 
therefore, to render such performance we would 
need an engine of at least 300 hp. As this is the 
largest truck engine commercially applicable and 
available for highway vehicles, this would limit 
gross weight to 60,000 lb. 

But it would do more than that. While 300-hp 
engines have been adopted with apparent success 
by a small coterie of operators confronted with 
problems in many ways unique in the trucking in- 
dustry, there is a much larger number of outfits on 
the road today handling in excess of 60,000 lb with 
engines rarely exceeding 150 hp. Few of these 
could justify the greater investment in and operat- 
ing costs of such superpowered vehicles. To put 
legislation in force which would have the effect of 
obligating them either to replace their power equip- 
ment with vehicles of approximately twice their 
present power or to reduce proportionately their 
loads would drive large numbers of them out of the 
business and seriously cripple motor transport. 

Even the relatively mild suggestion of the High- 
way Research Board, namely, 400 lb per hp, would 
bring the required horsepower of a 60,000-lb outfit 
up to 150 hp, as shown in Fig. 3. On a 4% grade, 
such a net horsepower with 60,000 lb gross would be 
able to sustain a speed of a trifle below 18 mph. 
This is a far cry from the 2 or 3 mph frequently 





encountered on grades no steeper than this, and for 
the time being should certainly be sufficient to serye 
the interests of highway safety. 

Perhaps a saner approach to the problem of legis- 
lating for minimum performance might be a simple 
minimum speed limit rather than grade ability at 
a given speed. This would more equitably com- 
pensate for the differing requirements of different 
sections of the country. Maintaining a Satisfactory 
minimum speed limit in Colorado would automatic- 
ally call for more power for a given gross weight 
than in North Dakota. Thus the operator confin- 
ing his activities to Northern Illinois, Indiana. 
Michigan, and Iowa would not be required to pay 
for outsized powerplants for the sake of the haulers 
in Colorado, Utah, and Idaho. 

Incidentally there is a growing feeling that faster 
trucks are not the whole story. The higher the speed 
of the truck being overtaken by the pleasure car, 
the greater distance and time that must be spent by 
the latter on the left lane of the road in completing 
the maneuver. For example, assume that the pleas- 
ure car averages 35 mph while overtaking a 60-ft 
combination and that a total of 50 ft of clearance 
is left behind and ahead of the vehicle. Then the 
car must travel 110 ft to overtake the truck when 
the latter is stationary. At 35 mph the car will 
cover 51.33 fps, so it will take it a trifle over 2 sec. 
However, as Fig. 4 shows, as the speed of the truck 
increases, it takes the car a longer time and a 
greater distance to overtake it. 

This may also be the solution of the problem of 
excess speed. Power enough to maintain an eco- 
nomic average speed or minimum speed on prevail- 
ing grades may be used to attain excessive speeds 
on level roads—particularly when running light. It 
is well known that for any combination of power, 
weight, and engine speed there is a breaking point 
in ratios. Below this breaking point, the greater 
the reduction, the slower the maximum speed, regu- 
lated, of course by the governor. Above this break- 
ing point, further decrease in reduction will not 
produce higher speed, but lower, since the required 
horsepower for the theoretical speed exceeds that 
developed by the engine. 

If this phenomenon is deliberately exploited by 
going beyond the breaking point so that the actual 
maximum speed, loaded is about 10% below the 
theoretical, maximum economy may be expected in 
normal operations, but the speed attainable empty 
may prove excessive. However, if there be still 
faster ratios beyond this point, it will be possible to 
restrict top speed at will, while at the same time 
reducing engine revolutions at the balancing point 
to effect still greater economy. 

From the chart, Fig. 1, it will be seen that with 
this particular vehicle, the maximum speed attain- 
able loaded is 53 mph with a 5.5 to 1 ratio at the 
governed speed of 2400 rpm. As this is the gov- 
erned speed, of course, the maximum speed light, 
or unloaded, will be the same. With a 5.0 to 1 ratio, 
light, the maximum speed will be 551% mph at 2350 
rpm. Lower numerical reductions, however, stead- 
ily reduce the maximum speed in both light and 
loaded condition, as the curves show, until with a 
2.5 to 1 ratio, light, the maximum speed would be 
only 354% mph at 750 rpm of the engine. 

Some day we might even govern the truck by 
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means of an infinitely variable automatic transmis- 
sion, leaving the throttle in a fixed position and 
slowing the vehicle by going to an increasingly 
lower numerical reduction. 

Variable Governors—Naturally it may be ex- 
pected that as drivers discover that higher road 
speed is possible in the next or, second speed under 
the top, they will select such speeds when making 
up time lost at an unduly protracted stay at Mom’s 
Diner. To keep maximum speed down while enjoy- 
ing the important economic benefits of low numeri- 
eal reductions, various governing schemes have 
been experimented with. One of these employs a 
dual-drive governor which responds to either a set 
maximum engine speed or a set maximum vehicle 
speed, having drives from both the engine and 
the transmission tailshaft through overrunning 
clutches. 

Another scheme is to have a variable speed spring 
in the engine governor whose tension is automatic- 
ally varied in set amounts upon engagement of the 
two or three top gears. There is no question that, 
if the problem becomes really serious, practical so- 
lutions can be found. 

Weight of Driving Parts—That higher-powered 
vehicles must be huskier throughout to withstand 
the greater torque loads imposed is the exaggerated 
prevalent impression. In the first place, torque 
does not necessarily increase with higher power. If 
high rotative speeds are the means of gaining 
power, then maximum torque might remain the 
same. Also, on the principle of Newton’s Third 
Law, torque input will be limited by torque reaction, 
which will be about the same where the same mass 
and basic tractive resistances are involved. 

Recent practice in truck design bears out these 
observations. If transmissions, driveshafts, and 
rear axles had grown in size and weight proportion- 
ally with engine power increases, present day high- 
powered trucks would indeed be monstrosities. Ac- 
tually, for given gross ratings, trucks have not 
materially increased in weight, though elaboration 
and increased capacity of electrical, air, fuel, and 
cab equipment alone might have justified appreci- 
able weight increases. 

Legislating for Power—From preoccupation ex- 
Clusively with maximum speeds from the stand- 
point of safety, lawmakers began to concern them- 
selves with minimum speeds. In 1935, Rhode Island 
issued a regulation requiring 20 mph on a 4% grade; 
but found the requirement impracticable to enforce. 
In 1936, California proposed a requirement of 20 
mph on grades from 3 to even 6% but abandoned 
the idea. In 1937, in a report to Congress, the 
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Fig. 4—Effect of truck speed upon time and distance required to 
overtake and pass 


Federal Highway Administration pointed out the 
danger inherent in the large disparity in speeds 
between pleasure cars and heavily laden freight 
vehicles, particularly on grades, and demanded that 
truck manufacturers come up with a yardstick of 
performance which could be used by authorities in 
enforcing minimum performance limits. 

This request was passed on by the Automobile 
Manufacturers’ Association to the Society of Auto- 
motive Engineers which in 1939 recommended an 


rele GVW , 
ability formula of Net hp’ the numerical value of 


the quotient or ratio to be determined by state 
authorities. 

Accepting this, the Automobile Manufacturers’ 
Association adopted the formula and its truck- 
manufacturing members agreed to so rate their 
products. 

During the war, of course, matters remained in 
status quo. In 1947, however, North Carolina came 
out with a requirement of at least 300 cu in. of 
piston displacement for gross combination weights 
of 40,000 lb and later 350 cu in. for 50,000 lb. 

At the present time, renewed discussion of the 
pounds-per-horsepower ratio as a qualification for 
licensing has brought forth conflicting demands. 
The American Automobile Association, spokesman 
for the pleasure car owner, has come out for 375 lb 
gross weight per hp maximum. The Pilot Study 
on the Highway Research Board’s Project No. 5 
adopted 400 lb. The Automobile Manufacturers’ 
Association voted for 450, while the for-hire oper- 
ators want at least 500. As yet, all of this is a 
matter of opinion; but the trend is unmistakably 
toward more horsepower per ton. 
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RESEARCH REVEALS 


Ot Power Cranes 





Fig. 1—Research on excavating machines such as these, representing one 
of the largest and one of the smallest shovels in standard production, is 
disclosing more about what happens to them in operation. The larger 
one, worth about $1,000,000, has a dipper capacity of 36 cu yd, as com- 
pared with the 34-cu yd capacity of the smaller $12,000 shovel. (To 
see it, focus your magnifying glass on the lower right-hand corner) 


PINION is giving way to fact-reporting instru- 
mentation for accurately determining perform- 

ance of earthmoving machines, such as those in 
Fig. 1, which have enough power to destroy them- 
selves. From the stresses in selected parts of power 
cranes and shovels, revealed by strain gages and 
other testing devices, engineers are ascertaining 
service loads imposed on the machines. 

Present excavating machine design principles 
stem from building machines, putting them to work, 
and then sitting on a bank to watch them perform. 
After completing a field test, it is only the observer’s 
opinion which classifies the service as easy, normal, 
hard, or abusive. Establishing a reliable standard 
on such matters in this way requires an expensive, 
extensive program. 

Fortunately, as much can be learned by subject- 
ing certain parts to peak loads in a single staged 
test as from a large number of field tests. Method 
of attacking such a test program depends on the 
nature of the problem and the data already avail- 
able for evaluating results. Bucyrus-Erie’s ap- 
proach to problems of loading frequency and shovel 


and dragline boom performance illustrates the 
methods for such selective tests and their results. 


Loading Frequency Determination 


One unknown in excavating machinery design is 
the general loading to which the units are subjected 
in normal service. Total power available plus in- 
ertia forces may develop loads considerably higher 
than those calculated from normal full-load power 
distribution; or the calculated loading may be 
higher than the average demand. Since any ma- 
chine or structure can carry occasional overloads 
which will destroy it if they occur often, a design 
capable of carrying these overloads indefinitely will 
be unnecessarily heavy. 

Short duration tests cannot reveal the frequency 
of various loading magnitudes for two reasons. 
First, all varying service conditions cannot be 
covered. Second, the operator is likely to be under 
tension in the presence of a test crew and may not 
control the machine in a normal manner. But the 
study of a large dragline, similar to the one in Fig. 
2, over several months did point up such perform- 
ance facts. 

In this case the dragline owner felt that keeping 
records of occurence of severe loads, to avoid prac- 
tices which caused them, might reduce mainte- 
nance. Equipment developed to meet this require- 
ment also fills the need for a research instrument 
to measure relative frequency at which various 
loading magnitudes occur. 

These measuring units are mechanical strain 
gages, shown in Fig. 3, with sufficient gage length 
and amplifying lever ratio to actuate precision 
switches, which in turn actuate electric counters to 
record the number of times certain loading levels 
occur. 

One end of the reference rod is anchored to the 
structure being studied; the other end is attached 
to an amplifying lever in the switch box. This lever 
also is anchored to the structure at the gage length 
distance from the rod anchor. A spring keeps this 
rod under essentially constant tension. Four pre- 
cision switches with repeat accuracy of a few thou- 
sandths of an inch are mounted in the box so as 
to be actuated by adjusting screws in the lever, 
which permit setting the closure of each switch to 
a desired stress level. 
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Since steel deforms elastically 0.000033 in. per 
inch of length under 1000 psi stress, movement at 
the switch contact, with a 120-in. gage length and 
4 to 1 lever ratio, is 0.016 in. per 1000 psi stress. It 
is possible to set these gages well within this limit. 
In fact, for a special study on a shovel boom, these 
units performed satisfactorily with only 60-in. gage 
length. 

While ambient temperature does not affect these 
gages, bright sunlight or other factors which may 
develop a temperature differential between the 
member and reference rod should be guarded 
against. A 5 F difference has an effect equivalent 
to 1000 psi stress. 
“Research on the Performance of Power Cranes and Shovels,” 
nted at SAE National Tractor Meeting, Milwaukee, Sept. 13, 
This paper is available in full in multilithographed form from 

| Publications Department. Price: 25¢ to members, 50¢ 
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2—Loading frequency tests have been performed on a large dragline such as this one, which is used in strip mining. 
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For dragline installations, strain gages are 
mounted on each top cord of the boom and are con- 
nected to actuate a single set of four counters, be- 
cause of the reversing pattern of swing load. 

Fig. 4 shows readings covering two periods of about 
eight months each, with counters set at 93.3%, 100%, 
106.7%, and 120% of calculated full load. Also 
shown is a chart for a three-month period for a 
slightly smaller machine, with counters set at 93.3%, 
100%, 106.7%, and 133.3% of nominal full load. 
Fundamentally this is a fatigue chart and it is laid 
out on a log scale for the frequency of occurence. 

Weakness in this data is that readings were taken 
at somewhat uneven intervals, with no record of the 
hours of actual operation. However, operation 
probably is on the order of 15,000 to 20,000 digging 
cycles per month. 

The 93.3% loading occurs once in 1.5 to 8 cycles; 
100% nominal loading, only once in 50 to 400 cycles; 


Bucket for this machine 


is shown at right 
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Fig. 3—Units for measuring loads on dragline booms 


107% loading, once in 1500 to 200,000 cycles. The 
dotted lines in Fig. 4 indicate that the overload did 
not occur at all in some months and probably did 
not average more than once in 30,000 cycles. On 
future installations an hour meter will be added to 
the counter panel to show actual operating hours. 

Considering that a large bucket, such as the one in 
Fig. 2, is digging virgin earth, the assumption that it 
is useless to hope for a consistent loading pattern 
in these machines is pardonable. This test indi- 
cates that at least with uniform digging and operat- 
ing conditions, loading actually is quite consistent. 

More can also be learned about shovel perform- 
ance from test studies. Operational problems with 
a shovel stem from the fact that as the shovel digs 
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Fig. 4—These records show the frequency with which certain loadings 
were encountered in large dragline booms during operation 
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through the bank, the dipper follows a path con- 
trolled in various degrees by the operator, the ma- 
terial in the bank, power and speed of the hoist and 
crowd motions, and the pitch of the dipper. 

Take the case of a fairly heavy rock cut. Here 
the operator obviously must control the dipper to 
follow cleavage planes and fractures in the rock. 
Which cracks and fissures the dipper can enter de- 
pend on the pitch of the dipper, and the resultant 
digging depends on the effectiveness of power ap- 
plication. In digging more uniform material, such 
as clay, the machine characteristics may be equally 
important because of the operator’s tendency to let 
the machine follow its own natural path with a 
minimum of control. 


Dipper Action Pictured 


What actually happens to the dipper in a digging 
cycle can be studied by the electric pantograph, 
shown in Fig. 5, which draws the actual path of the 
dipper as it moves through the bank. Working on 
the principle of polar coordinates, the pantograph 
saddle block rotates in conformity with the rotation 
of the shovel saddle block, and the pantograph dip- 
per handle moves in relation to its saddle block in 
conformity with the motion of the shovel dipper 
handle. 

A stylus on the end of the pantograph dipper 
handle traces the path of the dipper teeth by the 
passage of an electric current through sensitized 
paper. This tracing current is interrupted once a 
second to show tooth travel against time, which is 
convertible to tooth speed in feet per second. The 
unit is planned so that it may be adjusted for any 
size or type of conventional shovel. 

Electric selsyn units control servo-motors to oper- 
ate the pantograph. Drum “A,” in Fig. 6, mounted 
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on the boom, is rotated by the saddle block to actu- 
ate one selsyn. A second drum, “B,” mounted on 
the saddle block, is rotated by reciproacting move- 
ment of the dipper handle to actuate the second 
selsyn. 

Fic. 6 is a copy of an actual trace, with shovel 
boom and handle drawn in to show the general re- 
lationship. The interrupted line of the dig-and- 
hoist path shows the travel of the dipper tooth per 
second. The changes in speed are apparent. The 
short dots of the lowering path are not on the origi- 
nal record, and were added here simply for clarity. 
The long dashes show the high speeds attained when 
lowering the brake. 

Lowering speeds of 700 to 850 fpm at the dipper 
teeth have been recorded, and since these are aver- 
ages for 1 sec, peak speeds may be even higher. This 
means the drum rotates about five or six times nor- 
mal hoisting speed. 

The center of the shipper shaft is located on the 
record before the trace is made. By laying a scale 
model of the dipper and handle on the trace, the 
angle of attack between dipper and bank may be 
studied. 

If the weight and location of the center of gravity 
of the dipper and handle are known, and the hoist 
bail pull and crowd force measured as the trace is 
made, the direction and magnitude of the digging 
force may be calculated at any desired point on the 
digging path. However, both the magnitude and 
direction of the digging force are influenced by the 
momentary weight of material in the dipper, which 
is an unknown factor. 

A reasonably satisfactory approximation seems to 
be to calculate two digging forces, on the assump- 
tions that the dipper is empty and full. The actual 
digging force will lie somewhere between these two 
forces. 

If the bail pull is measured at some point after 
the dipper is full and has left the bank, the actual 
weight of material in the dipper may be calculated. 
The average of five records taken on a 1%-yd ma- 
chine digging damp sand showed the dipper to be 
carrying a load of 5950 lb—equivalent to 120% of 





Fig. 5—This special pantograph traces the digging path of a shovel 
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rated capacity at an assumed density of 3300 lb per 
cu yd. 

Fig. 7 shows a method of plotting power data 
against dipper position, which affords a convenient 
means for study. In this particular case the power 
curve represents total output torque—engine plus 
inertia. The power record shows two periods of 
high torque after the dipper left the bank. Indica- 
tors for clutch and brake applications, included on 
the records, show the first of these to represent the 
combined demands of hoisting and swing accelera- 
tion; the second represents the combined demands 
of further hoisting and swing deceleration or 
plugging. 

The curve shown in Fig. 7 is not of too much prac- 
tical importance, since it is one of the first records 
taken and was made in loose sand, more to try out 
the instrument than to study machine performance. 
But at present, it is one of the best records available. 


Dragline Boom Tests 


Loading counters used on a dragline boom show 
the stresses developed, but not the reasons for them. 
Several tests, using electric strain gages and re- 
cording equipment, have been run to establish the 
effects of operating conditions such as vertical whip 
and side bending. Results have not been too satis- 
factory because only a two-channel recording was 
available, limiting the data which could be taken 
simultaneously. There was insufficient background 
to plan a comprehensive test. 

Tests of wider scope, using a six-channel record- 
ing, are being set up which may reveal some funda- 
mental principles. But it is possible that an even 
broader program will be necessary for a thorough 
understanding. 

Fig. 8 shows records, taken simultaneously, of 
swing torque and transverse bending in a dragline 
boom plotted against time. They were taken from a 
study of the effect of backlash in the swing gear. 

The record represents severe plugging from full 
Swing speed. It shows a high torque impact de- 
veloped by the inertia of the swing clutch drums, 
which probably attain a considerable speed differ- 
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Fig. 6—Pantograph trace of a shovel’s digging path, with relevant shovel 


parts indicated 
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Fig. 7—Plotting power data against dipper position, as determined by the 
pantograph, relates these two factors, which throws more light on shovel 
performance 


ential during the time required to take up backlash. 
The impact is about 50% higher than the running 
torque. There is about 0.03 sec delay between the 
appearance of the swing torque and the develop- 
ment of side bending in the boom. The effect of 
sudden application of swing is to accelerate the 
boom so rapidly that whip develops, causing an 
actual reversal of stress. 

It is interesting to note that the very fast vibra- 
tion developed in the swing shaft is not apparent at 
the boom; this is because of the interposed mass of 
the revolving frame. But the much slower vibra- 
tion in the boom is definitely reflected at the swing 
shaft. 

Swing torque was determined from the torque in 
the vertical swing shaft. The installation of the 
torque meter, consisting of electric strain gages and 
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Fig. 8—Simultaneous records of swing torque and side bending in a 
dragline boom 





collector rings, shows what can be done in special 
installations. 

Fig. 9 shows that the swing shaft is completely 
covered by machinery. But by turning the shaft 
down about % in. in diameter for a length of 3 in., 
there is room to mount the gages and to wax them 
for protection against grease. Lead wires are taken 
out through a hole in the shaft to collector rings at 
the end, the hole also being filled with wax to keep 
the wires from chafing. Both the weakening of the 
shaft and loss of bearing area under bushings are 
inconsequential in the short time required for tests. 

When shafts reverse after a limited number of 
revolutions, during normal operation, and the speed 
is not excessive, the signal cable may be allowed to 
wind on and off, using hand feed if the shaft turns 
slowly, and some sort of retriever at higher speeds. 
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Fig. 9—Machining down the di- 

ameter of a swing shaft of a 

dragline made room for in- 
stallation of a torque meter 
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Selection of Steel for Automobile Parts 


What Engineers Should Know Today 
About Hardenability-Band Steels 


Part 1V—Hardenability Selection Method 


This is the fourth of a six-part report issued by the 
SAE Iron & Steel Technical Committee that is ap- 
pearing serially in succeeding issues of the SAE 
Journal. The series started in the August issue. 
This report was prepared at the request of the SAE 
Iron & Steel Technical Committee’s Division XVIII, 


Hardenability Publications. Part I was prepared by 
Joseph Geschelin, Chilton Co., from material pro- 
vided by the Committee’s Division III, Hardenability 
Bands. Parts II-VI were prepared for the Division 
by A. L. Boegehold, Research Laboratories Division, 
GMC. 





EFORE ordering a steel, one 
must know whether it will 
harden sufficiently in the size 





section for which it is to be used. 
Now that we have the Jominy 
hardenability bar, it is no longer 








necessary to go through all the 
steps of procuring steel, machin- 
ing it into sizes similar to the 
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part to be made, quenching, sec- 
tioning and testing the hardness. 
Nor is it even necessary to make 
a Jominy hardenability bar. 0 









Rounds Quenched in 
Mildly Agitated Water 








All that needs to be done is ’ 
to calculate hardenability from 
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Fig. 17—This shows how the hard- 
enability test is used to select steel 
for automobile components in four 
steps. They are: (1) required 
hardness in steering knuckle is de- 
cided; (2) cooling rates of points 
in the steering knuckle are located 
on the hardenability bar; (3) re- 
quired hardness values are plotted 
at these points on the hardenability 
bar to obtain the required harden- 
ability curve; (4) hardenability 
curves of available steels are com- 
pared with the curve found in the 
third step 
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chemistry to select the hardenability curve from 
those provided by SAE-AISI for all commonly al- 
loyed steels. The question is, how do we go about 
Selecting the proper steel? 

We first have to know what hardness we must 
have in the piece in the hardened condition, that is, 
before tempering. We assume that locations on the 
hardenability bar that have the same cooling rates 
as points in the cross-section of the piece we wish 
to make, will have the same hardness when made of 
the same steel. If we locate those points on the 
hardenability bar and ascribe to them the hardness 
we wish to have at the like points in the quenched 
article, we will have defined the hardenability curve 
the steel must have to meet our requirements. 

To follow this through, we must have a chart 
which shows the location of points in quenched 
rounds of different sizes which have the same cool- 
ing rates as points on the hardenability bar. Such 
a chart is shown in Fig. 15. Where the sloping 
curves cross the horizontal lines representing dif- 
ferent diameter bars, is measured the distance from 
the quenched end of the Jominy bar to the point 


which has the same cooling rate as the selected 
point in the quenched bar. 

For example, the sloping curve for center points 
crosses the 3-in. diameter horizontal line at a point 
17/16-in. from the watercooled end of the harden- 
ability bar. Therefore, that point on the H bar and 
the center of a 3-in. round, when quenched in oil, 
both have the same cooling rate and would have the 
same hardness when made from the same steel. 
What the hardness would be would be determined 
by the shape of the hardenability curve. In the case 
of the curve shown in Fig. 16, the hardness would be 
39 Rockwell C at 17/16-in. from the quenched end 

We have a chart, Fig. 17, that illustrates the vari- 
ous steps in the procedure. At the left we have the 
outline of a steering knuckle. We are interested in 
determining what steel to select for this part, so 
that the hardness after quenching will be not less 
than shown at three points in the cross-section at 
the critical section of the spindle where the diam- 
eter is 14%in. Following along the line representing 
114-in. diameter in the upper chart, we find that 
the three points in the cross-section of the steering 
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Fig. 19—Spool-shaped part at right : 49—< 
is quenched and hardness deter- ™, b> ev 
mined throughout longitudinal sec- Di ¢n~s 
tion. Cooling rates are ascribed to 45 4i~, 
each position using the cooling rate- suis has 
hardness relationship found in the — —t+x<t7 
hardenability bar. Hardenability of #\42 38\30 Y 
a test bar of SAE 5130 steel— ‘AS 3 
heated to 1675 F and end-quenched > ~ 37-4_ Bee 
—is shown in the curve | [S=3s—= sine 
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Knuckle spindle have cooling rates, when the 
knuckle is quenched in oil, the same as occur at 
3.2/16, 7.4/16, and 8.5/16 on the hardenability bar. 

If we ascribe to these three locations on the 
Jominy bar, the hardnesses specified for the points 
in the knuckle that have the same cooling rates as 
the H bar points, we will have defined a curve which 
can be regarded as representing the minimum hard- 
enability that must be in a steel to obtain the de- 
sired hardness in the knuckle. When we test a 


to see whether the steel has enough hardenability, 

will check the hardness at 3.2/16, 7.4/16, and 

16 to see whether it is up to the desired hardness. 

we see that with this method, we can either pre- 

ct a hardenability curve from a specified hardness 

sS-Section curve in a quenched section, or we can 

dict a hardness cross-section curve from a 
irdenability curve. 

Che correlation chart shown in this display ap- 

5 Only to rounds quenched in oil moving past 
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the part at 200 fpm. Any other severity of quench 
would require a different correlation. Cooling rates 
for making these correlations are not available so 
we are now conducting tests for determining them. 

With information obtained so far we are able to 
project tentative curves such as shown in Fig. 18. 
Here are depicted the correlation curves for quench- 
ing severities, beginning with a caustic solution 
quench on the left, down through water quenching 
at various speeds, and oil quenching down to still 
oil on the right. With these curves we can estimate 
rather closely what hardness we can obtain by 
quenching any of these sizes up to 4-in. rounds when 
once we have the hardenability curve. 

An alternative method for determining cooling 
rates in an irregularly-shaped article, especially 
where the quenching severity is other than those for 
which correlation charts are available, is to apply 
known hardness-cooling rate couples to locations in 
a quenched article where hardness has been de- 
termined. This is illustrated in Fig. 19. 
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Fig. 20—As-quenched hardness for best properties after tempering 


The article to be investigated is represented by 
the spool-shaped piece at the top. This is made of 
a shallow-hardening steel, and a hardenability bar 
is made of the same steel and a hardenability curve 





determined. The spool-shaped article is quencheg 
and the hardness determined throughout the longi- 
tudinal section and cooling rates are ascribed to 
each position using the cooling rate-hardness relg- 
tionship found in the hardenability bar. These ]po- 
cations also can be identified as equivalent to the 
number of sixteenths from the quenched end of the 
hardenability bar at which that hardness occurs. 

Now that the guenched spool has been catalogued 
with respect to cooling rates, any desired hardness 
can be specified at various locations in the piece: 
and these hardnesses coupled with the cooling rates 
at the points specified will define a new hardenabil- 
ity curve which will be required of the steel to pro- 
duce the hardnesses desired in the spool. 

When we have established the hardenability curve 
required to produce the desired hardness in the part 
we want to make, we can compare this curve with 
the SAE standard hardenability curves for the vari- 
ous alloy steels to select the steel to specify for the 
part. We will bear in mind, as an added require- 
ment, that the steel selected will be the lowest cost 
steel having the required hardenability and it shall 
have the lowest carbon compatible with obtaining 
the desired results. 

By selecting the lowest carbon, we will obtain 


Fig. 2i—How microstructure varies as hardness obtained by quenching decreases 
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Fig. 22—How structure prior to tempering affects resistance to fatigue of steel tempered to 35 Rockwell C 


lowest cost of forging and machining. Carbon is 
the cheapest element for obtaining hardenability 
when a moderate amount of alloy is present, so the 
desire to raise carbon to obtain hardenability and 
to decrease it to aid machining, work in conflict; the 
result must be a compromise. 

In deciding what hardness is required in a hard- 
ened part, prior to tempering, we are guided by a 
chart in Fig. 20 which shows the maximum hardness 
possible for every carbon content and also the 
minimum hardness for obtaining good physicals 
after tempering. We do not adhere to the values 
shown in this chart in all cases. For example, in 
the crankshaft and connecting rods, the tempered 
hardness is so low that it is not important that full 
hardening be obtained prior to tempering. The 
service stresses are so low, due to the prime requisite 
of stiffness, that fatigue failure due to incomplete 
hardening is not encountered. 

The minimum hardnesses shown as desired after 
quenching in Fig. 20 are based on the hardness ob- 
tained when the structure consists of 85 to 90% 
martensite. Fig. 21 shows how the microstructure 
varies as the hardness obtained by quenching de- 
creases. The hardest structure is 100% martensite. 
The presence of bainite accompanies the next lower 
hardness. Bainite increases as hardness decreases; 
then with still lower hardness ferrite appears which 
increases in quantity until the hardness is that of 
normalized steel. 
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We know that the greatest resistance to fatigue in 
tempered steel is obtained when the quenched struc- 
ture contains 90 to 100% martensite. The higher 
the hardness after tempering for highly stressed 
members, the more important it is to have full 
hardening before tempering. 

Fig. 22 shows how structure prior to tempering 
affects resistance to fatigue of steel tempered to 35 
Rockwell C. These tests were made on 0.275-in. di- 
ameter rotating beam fatigue test specimens. Here 
we see that full hardening is necessary to obtain 
the greatest fatigue resistance. The endurance 
limit of steel hardened to only 40 Rockwell C is 9000 
psi less than the ones fully hardened. 

Fig. 23 shows similar data for the same steel in 
a 1%,-in. diameter test bar subject to reverse bend- 
ing in one plane. This is typical of stress condi- 
tions in the spindle of a steering knuckle. Here the 
fully hardened specimen has the same advantage 
over the partially hardened, but the endurance limit 
is much lower in the larger size specimens. This 
decrease of fatigue resistance as size increases is 
known as the size effect and is one reason why the 
chart in Fig. 4 is drawn with such a wide band to 
indicate that the endurance limit varies as low as 
0.4% of tensile strength, depending on size and other 
indeterminate factors. 

We do not know, however, how far below the sur- 
face of a stressed member it is necessary to have 
maximum properties. In the case of axially stressed 
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Fig. 23—These data are for a 1¥/2-in. diameter test bar subject to reverse bending in one plane, for same steel as in Fig. 22. Note that larger 
size specimen has lower endurance limit 





members like connecting rod bolts, it is necessary 7 one ee pie a 





to harden fully entirely throughout the section. Table 1—Steering Knuckle Hardening Practice* 
Where this type of hardening is necessary, the hard- Rockwell C Minimum 
ness that should be obtained by quenching is given a aa bo 
| in Fig. 20. The hardnesses defined by the lower aeenined easenened 
curve represent a structure containing 85 to 90% Before In Percent 
martensite. In members stressed in bending, the Tempering Martensite 
minimum as-quenched hardness required is almost g ‘i. 8 be 
entirely a matter of determination by cut and try; ee = ow $s SB a 8 
ge : 3 ty = = be = = 
that is if we wish to tolerate some degree of harden- 23 om ogg &«ta 8 é ta 8 
ing that is less than full hardening all the way to = 2 8 A ae + a” an 
the center of the section. ON ner {<7 * 4.8 < 
1.5-in. DIA. X-3140 45 42 — 70 50 
C-4140 
Effect of Different Practices 8645 
1.0-in. DIA. 4140 54 52 48 95 90 85 
Depending on the design of the member and the at ¥ 42 36 «©6360 «5010 10 
rest of the vehicle of which it is a part, various | 3 /;¢ in a a as ae aa 
degrees of hardening will be suitable to produce §  _3/g-in re Oe ce ee oe ee 
satisfactory resistance to failure in service. By way Thick 
of illustration, Table 1 shows the practice in use just 1-5/8-in. 8630 50 44 40 100 88 70 
before the war by a number of builders of automo- Thick 
tive vehicles. It will be seen that, even at the sur- — 8647 565 — 56 9% — 9% 
face, the properties obtained in some instances, are ie 4052 
not nearly as good as can be obtained with these ——— a ee ; 
| steels. The columns showing percent of martensite 1-3/4-in. ae ne oe ee 


show how far from full hardening is required. This Thick 

chart illustrates beautifully how individual ideas 9 9-in pra. 1335 55 39 
and local circumstances determine the steel ulti- 
| mately selected. 
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Out of eight manufacturers, no two are using the 
same steel; yet all the knuckles represented could be 
made of the same steel and heat-treated the same 
and they would all function satisfactorily. 

The variety shown in this chart is the result of 
all the factors affecting cost at each of the plants 
represented. But whatever hardness is specified, 
either as the result of service tests or as the result 
of estimation of hardness required, the steel having 
sufficient hardenability to produce the desired hard- 
less can be selected by the process of analysis il- 
lustrated by means of the steering knuckle chart 
(Fig. 17). 

Matching Needs to Steels 


As stated previously, when the desired minimum 
rdenability curve has been established, the next 
p is to compare with standard hardenability 
ds in the SAE-AISI tabulation to determine the 
el having a minimum hardenability equal to the 
juired curve. For ease of comparison we have 
embled families of minimum H curves for the 
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whole range of carbon contents in one type alloy 
steel, all on one page, as shown in Fig. 24. Included 
also at the top are curves for predicting hardness 
cross-section curves for any one of the H curves in 
the lower group. 


Another Data Grouping 


Another form of consolidated data is shown in Fig. 
25,o0n p. 48. Here we have the predicted hardness in 
sections from 14-in. to 4-in. round, both for oil and 
for water quench and for minimum and for maxi- 
mum hardenability of all 8500 steels, from 0.20% 
carbon up to 0.50% carbon content. These data 
plotted in the form of hardness cross-section curves 
for each of the 13 steels represented here would re- 
quire 13 pages instead of one, as shown here. The 
steel finally selected will be one which will have a 
range of hardenability in a large number of heats, 
having a minimum sufficient to produce the desired 
hardness in the part in question. 
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L.A. Water & 


Power Fleet's 


P. M. Program 


URING and since the war years, the Los Angeles 

Power System of the Department of Water and 
Power has experienced a rise in transportation costs 
as have other fleet operators. To lower the costs on 
passenger car and truck repairs and operation, a 
thorough study of modern test instruments and 
procedures was made. As a result, engine dyna- 
mometers, a chassis dynamometer, and modern test 
instruments were purchased and suitable procedures 
and charts were worked out for the use of these 
instruments. 

A program that is set on a strictly mileage or time 
basis for complete overhaul of engines, transmis- 
sions, power take-off, differentials, front ends, steer- 
ing, and brakes will in numerous cases, due to the 
resulting discard of many slightly worn parts, in- 
crease the maintenance costs of most automotive 
fleets. 

The Preventive Maintenance and Inspection Pro- 
cedure schedule as outlined in the 1949 SAE Hand- 
book, modified to fit Los Angeles Department of 
Water and Power practice, and shown in Table 1, 
has sufficient flexibility to maintain properly the 
Department’s Power System automotive fleet of 1425 
vehicles, including 838 trucks, 12 semitrailer trac- 
tors, 65 trailers, 496 passenger cars and 14 ten to 
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twenty-five buses, safely and economically. 

A Schedule, as in Table 1 applying to Department 
practice, is a daily maintenance service. However, 
in many cases where the vehicle is assigned to trips 
as well as local runs, this service may be partially 
repeated several times in a day. All vehicle tires 
are checked and aired at weekly intervals. 

B Schedule maintenance service may vary with 
the area and conditions under which the vehicle is 
operating. The engine oil change is set for 2000 
miles or every six months on passenger cars and 
light trucks; 1500 miles or every six months on 
trucks of 114 tons capacity and up; and 1500 motor 
miles or every six months on light trucks equipped 
with motor-miles recorder. Large trucks equipped 
with winches, pumps, or compressors have their 
engine oil change set at 200 gal of fuel consumed 
or every six months. 

All vehicles are inspected every 30 days or 1000 
miles. The resulting shop order is referred to be- 
low. Dispatchers may request more frequent in- 





Table 1—Los Angeles Department of Water and Power’s Preventive Maintenance and Inspection Procedure 
Compared with SAE Recommended Practice* 


Cc D E 
Miles Miles Miles 
4000 to 6000 30,000 to 50,000 60,000 to 100,000 
(3000 to 5000) (20,000 to 30,000) (40,000 to 60,000) 
4000 to 6000 40,000 to 60,000 


(3000 to 5000) 
4000 to 6000 
3000 to 5000 


(4000 to 6000) 
(4000 to 6000) 


Type of Vehicle A B 
Miles 
Passenger cars Daily 1000 to 2000 
Light trucks, stop & start service do (500 to 2000) 
Light trucks, long haul service do 1000 to 2000 
Heavy trucks, stop & start service do (500 to 2000) 
1500 or Monthly 
Heavy trucks, long haul service do (1000 to 2000) 
1500 or Monthly 
Small buses, city service do 1000 to 2000 
small buses all types of service 
mall buses, cross country do (1000 to 2000) 
ge buses, city service do (1000 to 2000) 
se buses, cross country do (1000 to 2000) 


(4000 to 6000) 


30,000 to 40,000 
40,000 to 60,000 
30,000 to 40,000 
(40,000 to 60,000) 


(40,000 to 60,000) 
(40,000 to 60,000) 


80,000 to 120,600 
60,000 to 80,000 


80,000 to 120,000 
60,000 to 80,000 
(80,000 to 120,000) 


(80,000 to 120,000) 
(80,000 to 120,000) 


* The Schedule is shown as given in the 1949 SAE Handbook, when in agreement with Department practice. Where 


ms are in parentheses, they are not used by the Department. Where the department uses a different practice, that 
indicated beneath the SAE practice. 
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DEPARTMENT OF WATER AND POWER 
CITY OF LOS ANGELES 


POWER GENERAL PLANT DIVISION 


AUTO & CONST. EQUIP. REPAIR SHOP 


CHASSIS DYNAMOMETER ENGINE ANALYSIS REPORT 


ee eee re BU i si asctonseee 
ES cxdeacainiens Khawenles Ee ee ee gee 
Oil Pressure Cold 


Complaint or Procedure: 


Fig. 


1—This form is de- 
signed to record the results 
of vehicle tests on the 
chassis dynamometer before 
servicing, and those after 


recommended repairs and a 
adjustments are made» 4 
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MILES PER HOUR INTAKE MANIFOLD VACUUM > CARBURETOR MIXTURE 
— yt my Before Service After Service Before Service After Service 
40 
20 
Idle 
| ACCELERATION a Speed Readings 
| 10 to 50 M.P.H. 
FUEL KNOCK: None Light at M.P.H.: Heavy at M.P.H. 





spection when car or truck has been on a desert or 
mountainous run before again assigning a vehicle 
to fleet service, regardless of miles run since last 
inspection. This procedure has eliminated many 
expensive road failures. 

C Schedule includes many of B maintenance 
services together with a periodic engine oil analysis. 
The purpose of this analysis is to evaluate vehicle 
engine conditions in connection with the preventive 
maintenance inspection and thereby anticipate seri- 
ous failures. Oil analysis is made at 4000 miles for 
passenger cars, and light trucks at 3000 miles or 


50 





3000 motor miles when equipped with a motor-miles 
recorder. For large trucks equipped with winches, 
pumps or compressors, engine oil analysis is made 
every 400 gal of fuel consumed. 

The sludge condition in an engine is determined 
by the sludge index and solids test. Together they 
show whether or not sludge is forming, potential 
sludge is in circulation, or sludge is settling out. 
The engine oil analysis report recommends oil filters 
and engine breathers to be serviced when sludge or 
solids show high. This work is done if justified by 
actual observed conditions. 
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The flushing of a crankcase is also recommended 
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when engine crankcase deposits are high and this too high. 


is done by using SAE 10 oil as a flushing medium. 


Vrankease oil temperature, not water temperature, sis repor 


ould be maintained at a minimum of 160 F during 


hing, with engine running at a fast idle, not to nated in 


exceed 800 rpm, for 20 min. 

With the engine oil analysis many other faulty 
fine conditions are exposed, such as piston rings 
“.cKing, dirt or sand in circulation, improper com- 

tion, water and emulsions, bearing condition, and 
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crankcase operating temperatures—whether low or 


By making repairs to correct the faulty 


engine conditions, as recommended by the oil analy- 


t, before an engine failure has occurred, 


many costly major engine repairs have been elimi- 


our fleet. This more than justifies the cost 


of the oil analysis. 

Since the engine oil analysis is made at multiples 
of 3000 miles, 4000 miles, or 400 gal of fuel consumed, 
flexibility of the C, D, and E maintenance services is 
imperative; otherwise, duplication of operations 




















may occur, resulting in additional maintenance 
costs. 

The inspector’s shop order is filled out by the in- 
spector, at the time of inspection, for the neces- 
sary repairs to the vehicle and sent to the coordi- 
nating dispatcher to be progressed through the ap- 
propriate repair shops. This procedure eliminates 
bottlenecks since the approval for repairs, service 
requirements of the vehicle, and dispatching of 
equipment to the shops are handled through the one 
office. 

Tires are inspected every 3000 miles for tread or 
side wall defects, and excessive wear. 

Tires of all sizes may be removed from a vehicle 
for recapping between the C and D Schedule, when 
the non-skid portion of the tread has worn down. 
Experience has proved that recapping has increased 
the life of a tire by 60% when capped at the proper 
time and correctly, resulting in a lowered tire mile 
cost. 

Every 30 days batteries are serviced and tested, 
and cable insulation as well as the various terminal 
connections, battery container, and hold-down de- 
vices are inspected. Battery containers, battery 
hold-downs, and cable post connections corrode 
badly under certain types of vehicle operations. 
When corroding condition is present, regardless of 
time or mileage operated by the vehicle, battery 
containers and hold-downs are cleaned and painted 
with a suitable paint which resists the corroding 
action. Battery posts and cable terminals are 
cleaned and treated with vaseline after assembly, 
which retards the corrosion from again forming at 
these points. 

All automotive batteries, other than those which 
were purchased with a new vehicle, are assembled 
by our battery maintenance shop. A recent study 
made of the length of life of several hundred bat- 
teries, turned over to salvage in the past year, 
showed an average of 32 2/5 months for those as- 
sembled by the battery shop as compared with much 
less service for those obtained with the new vehicle. 

D Schedule is designed to fit the more extensive 
type of repairs (such as replacement of piston rings, 
adjustment or replacement of crankshaft bearings, 
complete engine tune up, repair of clutch, trans- 
mission, and differential bearings, or replacement of 
king pins and bushings) in which more time and 
equipment is required than in the previous sched- 
ules. 

The mileage interval between C and D Schedules 
will also vary considerably due to type of service 
vehicle is operating in. It has proved advisable in 
our fleet to govern the repairs by the results of the 
preventive maintenance inspection and test, using 
the D Schedule as a guide as in the B and C Sched- 
ules. 

The inspector’s shop orders, written as the re- 
sult of his tests and inspections, are also sent to the 
coordinating dispatcher’s office, as in the C main- 
tenance service, for transmittal through the trans- 
portation offices and to the automotive and con- 
struction equipment repair shops, if approved by 
the Superintendent of transportation. 

Use of a chassis dynamometer is desirable for a 
more exacting diagnosis and thorough before-and- 
after repair checking, which simulates traffic and 
road grade conditions and indicates the vehicle’s 





ability to perform on the road. As a substitute for 
a chassis dynamometer when the same is unavyaij- 
able, a road test is made of the vehicle after the 
visual inspection using a vacuum gage and an air- 
fuel ratio analyzer, which gives the inspector a good 
picture of that particular vehicle condition. 


Chassis Dynamometer Test 


The chassis dynamometer at present is being useq 
for passenger cars and light trucks for analyzing 
the vehicles and the setting of maximum horse- 
power output at the driving wheels. 

During the period of engine heat normalization, 
the vehicle is installed on the dynamometer rollers, 
vacuum tube is attached to the intake manifold, 
and the air-fuel ratio analyzer tube is connected to 
the exhaust pipe. In conjunction with the chassis 
dynamometer, an engine analyzer is used and the 
various connections from the analyzer to the engine 
electrical circuits are also made. The chassis dyna- 
mometer engine analysis report heading is filled in 
with the equipment number, speedometer reading, 
oil presures, and so forth, all of which requires about 
15 min. (See Fig. 1 for report form.) 

The vehicle is then run at 20 and 40 mph, re- 
spectively, in direct gear with a fixed dynamometer 
index setting of 17 hp. Standard speed as shown 
on chassis dynamometer test report is actual driving 
wheel speed, recorded by the chassis dynamometer 
roller speedometer, and not the vehicle speedometer 
speed. This also gives a comparison test of vehicle 
speedometer calibration. 

The manifold vacuum readings and carburetor 
mixtures are recorded under Cruising Load section 
in the “Before Service” column of the report. The 
vehicle is then run under full throttle conditions 
at 25 and 40 mph and maximum horsepower read- 
ings are recorded under Full Load section in the 
“Before Service” column. 

With these two tests, the chassis dynamometer 
operator can properly analyze the condition of 
transmission bearings, drive lines, differentials, en- 
gine blowby, engine bearings, detonation, distrib- 
utor, ignition timing, ignition coil, generator, gen- 
erator regulator calibration, cooling system, exhaust 
system, carburetor, piston rings, valves, and the 
clutch. 

The dynamometer load is then unloaded and the 
engine is accelerated several times from 10 to 50 
mph and results recorded in the Acceleration sec- 
tion of chassis dynamometer test report. 

The diagnosis section of the report, (see right- 
hand form in Fig. 1) is then filled in by the chassis 
dynamometer operator, together with a shop work 
order for the necessary repairs to the engine and 
the various units. Engines that have 10 psi or 
more variation in compression pressure, cannot be 
tuned for maximum horsepower efficiency or sat- 
isfactory service for fleet operation. 

After the recommended repairs are made, the 
vehicle is again run on the chassis dynamometer 
and final adjustments are made. The operator 
then fills in the “After Service” column of the analy- 
sis report for record purposes. The vehicle is then 
ready for fleet service. 

The entire procedure of before-and-after service 
runs, together with a complete engine tune up, re- 
quires on the average 4 hr. 
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Prior to the use of the chassis dynamometer, an 
average of an additional 2 hr per vehicle was re- 
quired for the analysis and road adjustments; in 
many cases, due to city traffic conditions, inadequate 
runs were made for the setting of the various engine 
units, resulting in frequent vehicle failures. 

A complete engine tune up is often found neces- 
sary between the C and D maintenance service, 
which takes into consideration the condition and 
adjustments of all the related units of an engine. 
‘v will not only give a smoother engine performance, 
ut has eliminated many costly repairs to clutches, 
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transmissions, drive lines, and differentials and has 
lengthened piston-ring life. 

With the tune-up procedure, a good tune-up solv- 
ent is used which frees the valve action and piston 
rings, develops an additional 2 to 5 hp at the driving 
wheels, and has, therefore, become a standard prac- 
tice with many fleet operators as well as ourselves. 

A complete tune-up procedure, as used by our 
automotive and construction equipment repair 
shops, consists of an analysis, solvent treatment, 
testing and adjusting the engine and its various 
units. This procedure is also used at the district 
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Engine Dynamometer Break-in Report 
















































































































































































Date Make Job No. P. No. 
: F f Fig. 3—This form is used 
Engine Make Model Engine No. report results of breaking is 
an overhauled engine on the 

Oil Pressure: Cald Ibs. Hot Ibs. Idle Hot Ibs. engine dynamometer 

Spark Plugs: Make Type Ignition Condition 

Fuel Pump: Pressure Ibs. Vacuum In. Blowby Ign. Timing 

Generator Output: Volts Amps. Battery Test Starter Test 

Primary Test Coil Test Condenser Test Secondary Test % ; 
Carburetor Condition Air Cleaners: Carb. - Eng. 4 
Compression Pressure after break-in. 3 

1 2 3 + 5 6 7 8 ‘ 
Valve Tappet Clearances Main Bearing Temperatures 
GER VeT eee TSE | . 1 | 2|/3|4]/5|},6)]71) 8 

Intake | 

- ee | | — |-———_—_- que ee ee | | | | 

Exhaust | | | | | | 

. ‘ : Engine H.P. Fuel 

Oper. R.P.M. Time Run Vacuum Oil Pres. Oil Temp. Weter Fone. ladicates Analysis 

1 | re ae 

2 — 

3 —_—— ——Ss —————____— 

4 

5 ——— 

6 

Governor Setting R.P.M. Oil Regulator Setting lbs. Date Started . 

Speedo Reading: Out In Date Finished 
Remarks: 


shops where a chassis dynamometer is not available. 
However, a different record chart is used entitled 
“Motor Analyzing Report.” See Fig. 2. 

At the district shops, during the period of engine 
heat normalization, the motor analyzing report 
heading is filled in. Individual cylinder compres- 
sion is then taken with a compression tester before 
and after solvent treatment of the engine, because 
valve heads may be burned, piston rings scored, or 
frozen in the piston grooves. When these condi- 
tions exist or compression pressures vary more than 
10 psi per cylinder, the tune up of an engine is not 





Test Made By 


recommended until major repairs have been com- 
pleted. 

The tune-up man fills in the motor analyzing re- 
port as the tests and minor repairs and adjustments 


are completed. When major repairs are needed, 5 
such as reconditioning of valves or replacement of 
piston rings and crankshaft bearings, a shop work { 


order is written and a notation made on the motor 
analyzing report of the recommended repairs, under 
“Remarks.” 

New pieces of automotive equipment, as received 
from the various dealers, many times do not con- 
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form to the Power System’s standards, since they 
gre often found with loose wire connections, faulty 
carburetors, incorrect distributor cam angle settings 


and ignition timing, sticking valves, loose engine 
mounting bolts, defective water thermostats, gen- 
erator regulators not calibrated, and defective brak- 
ing system. With the analyzation and tune-up pro- 
cedure, these conditions are detected and either cor- 
rected by the dealer or our shops before the new 
vehicle is assigned to fleet service. This has proved 
to be a definite factor in repair cost savings. 

E Schedule maintenance service covers, in addi- 
tion to the C and D services, the more extensive 
vehicle repairs, such as the major overhaul of the 
vehicle’s various units. Type of vehicle, operating 
conditions, and amount of repair done in B, C and 
D services are also the primary factors affecting the 
E maintenance service. 

The analysis and diagnosis of vehicles for the 
more extensive E service repairs depend not merely 
on the miles vehicle has run, but on the extent of 
repairs in the C and D maintenance services. It 
is also practically impossible to make an intelligent 
inspection of many vehicle unit parts, axles, spindle 
bodies, and drive shafts until they have been dis- 
assembled and thoroughly cleaned. 


Preventing Future Breakdown 


Many axle shafts, drive shafts, spindle bodies, 
transmission cluster gears, and steering arms have 
inherent discontinuities which do not necessarily 
mean the part is defective; they are often replaced 
with a potential life or mileage still in them for the 
particular type of service the vehicle performs, 
which results in apparently unnecessary mainte- 
nance costs. There are times when this replace- 
ment policy is justified, when the risk of an early 
failure would result in a still larger expenditure. 

Engines in our fleet, when approved for repair 
with the E maintenance service, are completely dis- 
mantled, thoroughly cleaned, and all parts inspected 
for defects. Cylinders are rebored to a standard 
oversize and new pistons are ground to the correct 
clearances for that engine. Valves are recondi- 
tioned with precision tools. Crankshaft journals 
are reground when necessary and new crankshaft 
bearings are line bored to assure the correct crank- 
shaft alignment. Bell housing is checked with a 
dial indicator for alignment with crankshaft flange. 

Cylinder block and head faces are reconditioned 
when necessary with a surface grinder, eliminating 
leaking head gaskets and uneven compression. 

All overhauled engines are now run in and tested 
with the engine dynamometer before re-installing 
in a Car or truck chassis. Incorporated in the en- 
gine dynamometers are oil pressure gage, water 
temperature gage, vacuum gage, tachometer and 
horsepower indicator. Distributor cam angle is cal- 
ibrated with a Distribuscope, and the ignition 
timing is set with a timing light and a vacuum 
gage to the highest point of engine efficiency, as de- 
termined by the horsepower indicator, without det- 
onation. The carburetor mixture is tested with an 
air-fuel ratio analyzer and the fuel pump for leak- 
‘ng valves, defective diaphragms and correct pres- 

ure, with a vacuum and pressure gage. 

Wiring circuits are tested with an electric trouble 
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shooter, and repaired if necessary, before the engine 
is re-installed in a vehicle chassis. 

Overhauled engines which are run in with the 
dynamometer are being delivered to the various dis- 
trict shops and exchanged from other engines of 
the same make and model for installation in chassis. 
This eliminates further testing of engines in the 
district shop. 

The information requested in the engine dyna- 
mometer break-in report is filled in as the various 
tests of the engine units are made. See Fig. 3. 


Defects Caught 


The engine dynamometer, with the break-in pro- 
cedure, has detected collapsed pistons, faulty piston 
rings, defective oil pump check valve, defective 
water thermostats, bearings operating with too 
much crankshaft clearance, and inadequate oil vol- 
ume to accessory shaft bearings. The defective en- 
gine conditions are corrected before the engine is 
re-installed in a car or truck chassis, and this has 
resulted in an appreciable savings in labor cost. 

The section of engine dynamometer break-in re- 
port, showing operations one through six, is filled 
in at 1-hr intervals, or at the time the engine loosens 
up to the point where artificial load can be increased 
safely. The ignition timing final setting, visual 
blowby, generator output, and secondary test are 
made at the time of full throttle run for maximum 
horsepower. 

On completion of the break-in run, break-in oil 
is removed and replaced with new oil of the correct 
viscosity for that engine. Compression pressures 
are taken, and then while the engine is running hot, 
valve tappet adjustments are checked as well as the 
oil regulator and governor settings. If necessary, 
new spark plugs are installed which have the correct 
heat range for that particular engine, according to 
the type of service it is expected to perform. 

The time consumed for installing an engine on 
the dynamometer, filling in the required data on the 
engine dynamometer break-in report, and com- 
pleting the break-in run, averages 8 hr for a passen- 
ger car and 10 hr for a heavy truck engine. Prior 
to this procedure, the average break-in period and 
road test required three 8-hr days per vehicle. 

Major brake overhauls include the cleaning, in- 
specting, and reconditioning of drums, shoes, cross 
shafts, linkage pins and clevices, hydraulic cylinders, 
air chambers, boosters and other related parts as 
well as the relining, centralizing, and grinding of 
of lined shoes to the brake drum diameter. When 
necessary and advisable, the drums are reground to 
a true cylindrical and smooth surface. 

Preventive maintenance procedures do not elimi- 
nate the need of a maintenance procedure schedule 
for the economical operation of a large fleet. Proper 
dispatching, vehicle driving, cooperation with the 
maintenance shops, lubrication and polishing, as 
well as tire and battery service will probably be the 
most important factors in holding the operating 
and maintenance cost curve to a minimum. More 
frequent testing and minor repairing will generally 
show an uptrend of the maintenance cost curve; 
but they are imperative when a vehicle fleet is being 
maintained in such a manner as to be able to meet 
any emergency that may arise in the operation of 
a large power system such as ours. 
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ALUMINUM 


(This paper will be printed in full in SAE Quarterly 
Transactions) 

N automotive aluminum-cast-iron brake drum, 
A stemming from development of a bimetallic cylin- 
der barrel for aircraft engines, holds much promise 
because of its heat-dissipating properties. Essen- 
tially a heat exchanger, this bimetallic brake dis- 








ALUMINUM-IRON DRUM 


VEHICLE 





Fig. 1—Microphotographs (250 diameters) of the molecular bond between aluminum and ferrous materials 


sipates large amounts of energy without exceeding 
a temperature at which linings lose their effective- 
ness. 

By substituting this heat exchanger for a heat 
reservoir, it may be possible to strike a balance be- 
tween heat-in versus heat-out so that the brake 
could be used steadily on down grades, or for steady 

checking at high speed in heavy traffic, 
- without getting so hot that the lining 
fades and the brake becomes ineffective. 

War work pointed up the greater heat- 
dissipating capacity of bimetallic cylin- 
der barrels for aircraft engines, as com- 





<< pared with steel fin barrels. Test runs 





























Fig. 2—Bimetallic brake drum cross-section at left withstood high temperature 


testing while the one at right did not 
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established that a molecular bond is 
formed between the aluminum and fer- 
rous members (see Fig. 1), as that be- 
tween copper and steel, zinc and steel, 
and other nonferrous metals and steel. 

A brake drum is not too distant a con- 
cept from a cylinder barrel. In both 
cases a ferrous liner must be used, and 
for the same reasons—strength and re- 
sistance to abrasion. Both are subjected 
to high heat and both are designed to 
dissipate that heat by an extended sur- 
face design. But many factors other 
than promise of usefulness and a methoc 
for applying a metal of high heat con- 
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BRAKE PERFORMANCE 


ductivity must be considered in design of a bimetal- 
lic brake drum. The test and development program 
of the bimetallic brake drum uncovered its potential 
advantages as well as its problems. 

Initial testing was done in a heat-treating oven, 
rather than on a vehicle or dynamometer, since the 
thermal stress problem had to be satisfied before 
subjecting the construction to mechanical stresses. 
Coefficient of expansion of aluminum is about 13 x 
10-° in. per in. per deg F, whereas that of cast iron 
is about 5.6 x 10-*. This could lead to a separation 
of the two materials at the interface, unless the 
design were such that the bond strength could re- 
strain the aluminum and keep the construction in- 
tact. 

Fig. 2 shows two constructions. The design at left 
successfully withstood thermal testing, while the 
one at right failed by bond separation at about 450 F. 
Examination of these shows intuitively that the de- 
sign motivation is to reduce the aluminum cross 
section until it is less strong than the bond; there- 
fore, it will be held by the bond and will assume the 
dimensions dictated by the iron. 

After developing a design that combined good heat 
transfer with ability to withstand all thermal test- 
ing, a set of drums of passenger car size 
was made and tested on a brake drum 
dynamometer. The results, shown in 
Figs. 3 and 4, were encouraging. 

One aspect of the construction con- 
Sidered in this test was the deflection 
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Fig. 3—Stable temperature ranges for re- 
peated stops at various speeds. Test drum is 
11 x 2 in., designed for passenger car service 





under operating conditions. Plot of the 
deflection of a bimetallic brake drum 
versus a standard drum is shown in 
Fig. 5. 7“ 
Next test was the first on an actual 
vehicle—a 1500-cc midget racing car, of 
latest body and chassis design, powered ca | 
by an Offenhouser engine. m 
Racing people looked upon the severe Beoot 
brake drum problem, posed by this g 
midget car racing on flat one-fifth mile @ STANDARD PRODUCTION DRUW 
asphalt-paved tracks, as unsolvable. One 00 
turn of the track is made every 15 sec, e 
with two brake applications per lap. So ™ 
great were demands of such driving 4.00 + 
on the brake that the driver usually BIMETALLIC DRUM 
300 - 
Design and Development Considerations of a , . : P 
Brake Drum,” was presented at SAE National =. 3 6 7 P 
t Meeting, Portland, Oreg., Aug. 16, 1949. TI <- MINUTES 
per is available in full in multilithographed form Fig. 4—Cooling curves from 800 to 200 F for bimetallic and standard cast-iron brake 
E Special Publications Department. Price: 25¢ drums for passenger cars, 11 x 242 in. Tests were run with fans operating on drums 
S, D0¢ to nonmembers.) 7 
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Fig. 5—Deflection of bi- 

metallic and cast-iron brake 

drums under identical con- 
ditions 
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changed his driving style after the fifth lap because 
the brakes had faded so badly. Brakes had to be 
relined every week because the leading inch of each 
shoe was so badly charred. 

After installing bonded bimetallic brakes on the 
front end of this car, Fig. 6, the driver said that for 
the first time in his racing career he could get the 
same brake effect throughout a race, no matter what 
its length. He won five of his next six starts and the 
linings lasted throughout the season. 

Fact to be emphasized here is that this application 
is ideal for a heat exchanger type of brake. As the 
construction in Fig. 6 shows, the drums are in the 
air stream. Additionally, the operation keeps the 
brake working in a minimum air stream of 40 mph 
and a maximum air stream of 80 mph. 

Third step in the test program consisted of mak- 
ing a drum for a large-capacity commercial vehicle, 
such as an intercity bus or heavy truck. First one 
made was a 16.5 x 5-in. drum, of the cross-section 
shown in Fig. 7. This drum was given 2750 stops at 


varying energy levels on a dynamometer and showed 
excellent thermal dissipation. Table 1 shows typical 
stabilization test figures compared with these of a 
conventional cast-iron drum. At the end of the 
test, the bimetallic drum was still performing well, 
although bond loosening seemed to be indicated. 

Next, two such drums were placed in service, 
mounted on the rear wheels of a medium-sized 
intracity bus, and have been satisfactory for a year. 
The drums were inspected at 26,000 miles and did 
not need refinishing at that time. There has been 
no brake squeal with these drums—unique in this 
operation. 

Subsequent examination of the drum tested on 
the dynamometer did show that the bond failed 
along the outer or open end. This clearly indicates 
that the combined stress created by the superimpos- 
ing of mechanical stress, caused by the deflection, 
on the thermal stress was too great. 

A design was tested with a modest flange on the 
outer end to combat this tendency. After complet- 


———Table 1—Stabilization Temperatures of Several Bimetallic and Cast-lron Brake Drums*-_—— 


Stabilization 


Tet Mater sce. Seah pest Temveeteee—tegt Sie Wintel Tape 
No. Drum Max. Lining Max. 
1 Al. Bimetallic 164%2x5 20 12.5 210 aes 3’00” 9000 Suction 
2 Al. Bimetallic 164% x5 30 12.0 460 he 3’00” 9000 Suction 
3 Al. Bimetallic 164%4x5 40 11.0 510 ee 3’00” 9000 Suction 
4 Al. Bimetallic 164%x7 30 8.0 235 290 1/25” 10,000 Fan 
5 Cast Iron 164% x7 30 8.0 340 300 1’25” 9000 Fan 
6 Al. Bimetallic 1642 x7 40 10.0 385 425 1’40” 10,000 Fan 
7 Cast Iron 1642 x5 40 11.0 655 1’30” 6000 Suction 
8 Al. Bimetallic 164%x7 50 10.0 505 530 2’10” 10,000 Fan 
9 Cast Iron 1642 x5 50 11.0 600 3’00” 6000 Suction 
10 Al. Bimetallic 164%2x7 50 10.0 680 690 1’32” 10,000 Fan 
1l Al. Bimetallic 164%2x7 55 11.3 730 720 1’40” 10,000 Fan 


* Each test consisted of at least 100 stops. 
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ing all the testing on this drum, there was no indica- 
tion of any failure; addition of the outer bead had 
eliminated that. 

But one thing that had not been considered was 
the increase in deflection due to the decrease in the 
modulus of both cast iron and aluminum with tem- 
perature. This made itself felt in the last of a series 
of five fade stops without cooling, in which, at a 
640 F temperature, the actuating piston reached 
the end of its possible travel with a resulting low 
deceleration value. The current drum being readied 
for tests has the cross-section shown in Fig. 8 and 
sives computed deflections comparable with that of 
the best cast iron at temperatures up to 650 F. 

Results of all this testing lead to one conclusion: 
Where cooling air is available, the bimetallic drum 
will out-perform the standard all cast-iron con- 
struction. When cooling air is not available, then 
the use of this drum is of dubious advantage, except 
in the case of squeal elimination. 

Cooling curves of a bimetallic versus a standard 
drum, made on a test stand, but with the wheels 
mounted in position, show the great advantage of 
cooling air. See Fig. 9. The curves also show the 
relatively small advantage in providing cooling air 
tothe standard drum. The property of fast recovery 
between stops is extremely valuable, since it permits 
the bimetallic drum to start its braking at a lower 
temperature level and not build up to impossible 
temperatures with continued use. 

A severe test recently run best illustrates this 
property. These data were gathered during a fade 
test consisting of stops every 45 sec at a torque level 
that gave a deceleration of 18 ft per sec? initially. 
Note from the data in Table 2 that the deceleration 
produced by the standard drum has faded in effec- 
tiveness to less than one-third its value in six stops, 
while the bimetallic drum maintained a decelera- 





Fig. 6—Bimetallic brake drums installed on this midget racing car in- 
creased lining life considerably and prevented brake fade after several 
brake applications 


tion of greater than one-half the initial value at 
the end of 17 stops. And in the latter case, the tem- 
perature also has been stabilized. 

Both drum temperatures were taken at a location 
about 1/16 in. from the friction surface. The bulk 
of the cast iron was so sluggish in its response to 
temperature that by the sixth stop, the temperature 
of the cast-iron drum rubbing surface probably ex- 
ceeded 1000 F. Friction surface temperature of the 


























Fig. 7—First commercial bimetallic brake drum, 16/2 x 5 in. 
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Fig. 8—Cross-section of the cur- 
rent bimetallic brake drum, de- 
signed to conform to the deflection 
pattern of the best cast-iron drums 














bimetallic drum could not have been much above the 
eventual stabilization temperature of 840 F. Cool- 
ing air during these tests had a speed of 25 mph. 

Another recently-run test shows the same type 
of result as well as the advantage of cooling air on 
the bimetallic brake drum. See Fig. 10. 

Demonstrated throughout all the tests is the fact 
that bimetallic drums perform better than reason- 
able expectations without cooling air. The average 
bimetallic drum weighs less than two-thirds as 
much as the all cast-iron drum it replaces. In the 
case of the drums used for the tests reported in 
Fig. 10, the cast-iron drum weighed 137 lb, the 
bimetallic one, 83 lb. This extra weight represents 
added specific heat which should be of initial ad- 
vantage. 

None of the cooling used in these tests has been 
of the high-speed high-pressure type, as is used in 
cooling aircraft engines. Some consisted of only 
inexpensive house fans; other installations used 
fractional horsepower blowers, often located some 





Standard Cast Iron 


No. a Hydraulic Deceleration 
of 7 4 Line Stopping . 
Stops — Pressure Time (sec) Ft/sec 
1 420 790 5.0 17.6 
2 500 790 7.1 12.4 
3 560 790 9.1 9.7 
4 600 790 12.1 7.5 
5 650 790 14.9 5.9 
6 660 790 16.5 5.3 


* Tests were made at 60 mph, with 45-sec intervals between stops. 


Table 2—Fade Test Comparison Between Cast-Iron and Bimetallic 11 x 2-in. Brake Drums* 


distance from the drum. In all cases it is felt that 
road conditions were simulated. 

Perhaps this is optimistic, although it is reason- 
able that, in operating a vehicle, the additional air 
could be redirected by deflecting scoops to impinge 
on the fins to give results comparable to those on 
the dynamometer. 

Full cooling potential of the bimetallic drum can 
be derived with high-speed power cooling. If there 
are such severe braking problems that make eco- 
nomically feasible the installation of a fractional 
horsepower blower, then the bimetallic brake drum 
(on the basis of scanty data gathered to date) 
offers a potential in performance formerly thought 
impossible. The cast-iron drum presents no such 
potential. 

At present the bimetallic brake drum for pas- 
senger cars offers more of an improvement than 
any other drum-type brake. Brakes of this size 
pose no stress problems that require further testing 
to prove the design. Extensive dynamometer test- 





Bimetallic 
> es Meteastie ms A 
Stops Temp Pressure Time pene Ft/sec’ 
1 340 650 5.0 17.6 
2 420 650 6.0 14.6 
3 480 650 6.9 12.8 
4 570 650 7.4 11.9 
5 600 650 8.0 11.0 
6 670 . 660 8.5 10.3 
7 665 650 9.0 9.8 
8 710 650 9.2 9.6 
9 710 650 9.5 9.3 
10 760 650 9.8 9.0 
11 800 650 9.8 9.0 
12 780 650 9.8 9.0 
13 810 650 10.0 8.8 
14 780 650 10.0 8.8 
15 830 650 9.9 8.9 
16 850 650 9.7 9.1 
17 840 650 9.8 9.0 


Blower air speed was 25 mph. 
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COOLING CURVES FOR 11" X 2" 
PASSENGER CAR BRAKE DRUMS 
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ing plus the year of service on the racing car have 
failed to produce a stress failure. 

Increasing use of fluid couplings somewhat re- 
duces the engine’s braking effect at low speeds and 
places more responsibility on the brakes. Adding 
deflecting shields or scoops is not difficult and 
would not disturb current styling. While it might 
be better to redesign the wheel-brake-spindle as- 
sembly to place the brake drum in the air stream, 
this probably is not necessary for current needs. 

Bimetallic brake drums of this size could be 
permanent-mold cast in large quantities at a cost 
not much higher than that of present 


checking, as is theoretically likely, then the cast- 
iron portion—being more nearly uniform in tem- 
perature—should reduce this tendency. 

There is also evidence that bimetallic brake 
drums do not normally squeal. This may be a func- 
tion of the natural resonance of an all cast-iron 
drum being broken up or dampened by another 
metal of different tonal characteristics. While 
there is yet insufficient field testing to verify posi- 
tively these last two characteristics, testing to date 
does show promise that one or both will be realized 
to some degree. 





high-quality drums. The day is near 
when large-capacity commercial drums 
should be available. The drum construc- 


tion shown in Fig. 8 will soon be made = Se 


and several of these should be thoroughly 
dynamometer and field tested. The 
finned configuration on this large-size 
drum has been successfully sand cast; 
thus it should not command too high a 
premium since it will not be machined, 
as were those of all the test drums. 

In addition to its thermal properties, 
other considerations seem to favor the 
Oimetallic brake drum. For example, 
the greatly reduced thickness of cast 
iron probably will reduce the tendency 
to check or craze. This slight cross- 
ection, backed up by the high heat dis- 
ipation of a good fin design, greatly re- 
cuces the temperature gradient across 
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Fig. 10—Fade test results also point up the advantage of cooling air for bimetallic brakes 
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Baltimore—Nov. 10 


Engineer’s Club of Baltimore; dinner 
7:00 p.m. Speaker and subject to be 
announced. 


Central Illinois—Nov. 21 


Hotel Jefferson, Peoria, Ill.; dinner 
6:30 p.m. Meeting (for members); 
7:45 p.m. Choosing Proper Testing 
Environment—Frank A. Grooss, staff 
engineer, Caterpillar Tractor Co., 
Peoria. Experimental Stress Analysis 
—Harry W. Fall, supervisor, research 
department, Caterpillar Tractor Co., 
Peoria. Why Service Department?— 
Theodore M. Fahnestock, mechanical 
engineer, service engineering division, 
Caterpillar Tractor Co., Peoria. After 
dinner speaker to be announced. 


Cleveland—Nov. 14 


N.A.C.A. Laboratory; dinner 6:30 
p.m. Gas Turbine Design for Produci- 
bility—A. T. Colwell, vice-president, 
Thompson Products, Inc., Cleveland, 
Ohio. Speaker-sponsor: E. E. Bisson. 


Dayton—Nov. 10 


Buffalo-Springfield Roller Co., 
Springfield, Ohio; dinner 17:00 p.m. 
Antique Automobile Show. Road 


Building and Its Relation to the Auto- 
motive Industry—Major E. E. Greiner, 
Carl F. Greiner, John F. Harrison and 
Murray D. Shaffer. 





NATIONAL 
MEETING 


ANNUAL MEETING and 
Engineering Display 


DATE 


Jan. 9-13, 1950 


Detroit—Nov. 14 and 28 


Nov. 14—Large Auditorium, Rack- 
ham Educational Memorial; dinner 
6:30 p.m. Panel meeting on An Evalu- 
ation of Criticisms of Modern Automo- 
tive Design. Moderator: F. S. Spring, 
director of styling, Hudson Motor Car 
Co. Speakers: P. C. Ackerman, chief 
engineer in charge of laboratories, 
Chrysler Corp.; H. K. Gandelot, safety 
engineer, car design, General Motors 
Corp.; and John Oswald, executive en- 
gineer, styling and body engineering, 
Ford Motor Co. Dinner speaker: Gib- 
son Bradfield, president, McClelland- 
Kennard Co. Subject: Boat Racing 
and Race Boats. 

Nov. 28—Champion Spark Plug Co., 
Ceramic Division, 8525 Butler, Ham- 
tramck, Mich. Field trip through 
plant 2:00 p.m. 


Indiana—Nov. 10 


Hotel Antlers, Indianapolis, Ind.; 
dinner 7:00 p.m. Recent Develop- 
ments in Engines, Parts and Fuel— 
A. T. Colwell, vice-president, Thomp- 
son Products, Inc., Cleveland, Ohio. 


Kansas City—Nov. 14 and Dec. 13 


Nov. 14—Plaza Cafeteria, 414 Ala- 
meda Rd., ‘On The Country Club 
Plaza’; dinner 7:00 p.m. My Friend, 
the Engine—Stanwood W. Sparrow, 
vice-president in charge of engineer- 
ing, Studebaker Corp., and president, 


MEETINGS 





HOTEL 


Book-Cadillac, Detroit 


PASSENGER CAR, BODY, March 14-16 Book-Cadillac, Detroit 
and PRODUCTION 

AERONAUTIC and Aircraft April 17-19 Statler, New York 
Engineering Display 

SUMMER June 4-9 French Lick Springs, 


French Lick, Ind. 
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SAE. Social half hour 6:30 p.m. Meet. 
ing 8:00 p.m. 

Dec. 13—Plaza Cafeteria, 414 Alp. 
meda Rd., ‘On The Country Cl 
Plaza’; dinner 7:00 p.m. Automotive 
Brake Problems—Paul J. Reese, man- 
ager, Bus & Tractor Engineering, 
Wagner Electric Corp. Social half 
hour 6:30 p.m. Meeting 8:00 p.m. 


Metropolitan—Nov. 17 


Hotel Statler, Keystone Room; meet- 
ing 7:45 p.m. Greases—George Link 
Shell Oil Co. Discussors: Representa- 
tives of Swift Co. and Texas Oil Co. 


Mid-Continent—Nov. 18 


Hotel Biltmore, Oklahoma City, 
Okla.; dinner 6:30 p.m. My Friend. 
the Engine—Stanwood W. Sparrow, 
vice-president in charge of engineer- 
ing, Studebaker Corp., and president, 
SAE. 


New England—Dec. 6 


Graduate House, Massachusetts In- 
stitute of Technology; dinner 6:30 p.m. 
Speaker and subject to be announced. 


Northern California—Nov. 21 

John’s Cafe, San Leandro; dinner 
6:30 p.m. Meeting 7:30 p.m. Field 
trip through the San Leandro plant 
of the Caterpillar Tractor Co. 2:00 p.m. 
Meeting will feature a Caterpillar 
Tractor Co. film. 


Philadelphia—Nov. 9 


Engineers’ Club, 1317 Spruce St. 
Philadelphia, Pa.; dinner 6:30 p.m. 
Relationship Between Diesel Engines, 
Fuels and Lubricants—L. A. Blanc, 
Caterpillar Tractor Co. Technical 
chairman: Frank Nail, Mack Mfg. Co. 


Salt Lake Group—Nov. 14 


Hotel New House; dinner 7:00 p.m. 
New Developments in the Internal 
Combustion Engine—Russell G. Riley, 
director of merchandising, Thompson 
Products, Inc. 


Twin City—Nov. 9 

Solarium Room, Hotel Curtis, Minne- 
apolis, Minn.; dinner 6:30 p.m. Coated 
Abrasives—James E. Trask. 


Virginia—Nov. 21 

Hotel William Byrd; dinner 7:00 p.m. 
Meeting 8:00 p.m. Safety on Motor 
Trucks—Charles Ray, director of safety 
engineering, Markel Service, Inc., Rich- 
mond, Va. 


Williamsport Group—Nov. 7 


Antlers Club, Williamsport, Pa.; 
dinner 6:45 pm. The Thompson 
Vitameter—C. H. Van Hartesveldt 
executive vice-president, ‘Thorpson- 
Toledo Vitameter Corp. Colored films 
and slides to accompany talk. 
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TRAILER MATERIAL Choice 
Can Net Payload Gains 


ON PAPER* BY 


L. H. Chaille 


of Public Relations 


and V. H. Stewart 


Resident Engineer, 


Fruehauf Trailer Co. (Western Division) 


Fig. 1—This cutaway view reveals 
construction details of a refrigerator 
trailer in which stainless steel, 
aluminum, magnesium, and other 
materials are used for different 
purposes. These materials also are 
used advantageously in other trailer 
components 


KILLFULLY selecting the right metal for every 

part of a trailer can make a big difference in 

its efficiency and revenue-producing possibilities. 

Stainless, carbon, and alloy steels as well as mag- 

nesium and cast and forged aluminum are best for 

specific jobs in the trailer design, examination of a 
van-type trailer shows. See Fig. 1. 

For example, basic material selected for the trailer 
‘an was an 18-8 stainless steel (18% chromium and 
8% nickel). Used for side walls and roof, this ma- 
terial offers permanent rust and corrosion proof 

rotection and the economy of freedom from paint- 

*. It permits beauty in structural lines and re- 


vw Would You Design a Trailer for Maximum Eff 
nted at SAE National West Coast Meeting, Portland, ( 
1949. (This paper is available in full in multilithographed 
Ac Spec al Pub! ations Departme ant Price 25¢ to men Ss 5 ¢ 
embers. ) 
NOVEMBER, 1949 





tains the enduring polish it is possible to give the 
material. 

Stainless steel used for side and rear doors and 
nose of the trailer gives greater resistance to shock. 
The door panels are formed from sheets of stainless 
steel of a gage almost as heavy as the door-reinforc-- 
ing members. 

One main characteristic of stainless steel is that 
it becomes work-hardened much more rapidly than 
do ordinary steels. The more it is worked or formed, 
the stronger it becomes—up to a certain point. By 
cold working the steel into ribbed body panels and 
structural shapes, its tensile strength is raised to 
150,000 psi and its yield point raised to 120,000 psi, 
more than twice that of ordinary steel. Fig. 2 illus- 
trates the rib-forming process. 

Since stainless steel is an exceptionally strong 
material, its qualities suggest many possibilities to 
the designer. Its modulus of elasticity remains 
reasonably constant for the complete range of alloy 


63 





7~* . a4 = 


ree eet 








Fig. 2—By a progressive forming process, strong, thin sections of stain- 
less steel are rolled into stiff ribbed sections for trailer sidewalls and 
roof. Such work-hardening imparts high strength to the material 


steels, making possible weight savings closely pro- 
portional to permissable area reductions. In other 
words, the stronger the material, the smaller the 
amount needed to meet a specific stress requirement. 

The new square-front stainless-steel van not only 
gives up to 29 more cubic feet of capacity, but it 
saves 2095 lb over a conventional trailer in the 35-ft 
class. This added load-carrying capacity means 
more payload for the operator. 

Fact that stainless steel sections are so thin makes 
impractical the use of bolts or rivets in assembly, 
since strength of a material must always approxi- 
mate the shear value. Fortunately, stainless steel 
is well suited to welding. This saves weight by 
eliminating bolts and rivets. 

Stainless steel cannot do the entire job in the 
trailer. Each material must be carefully selected 
to perform the function for which it is best suited. 

A case in point is the newly-developed alloy mag- 
nesium floor. Most important element of this floor 
are the magnesium boards. These are made up of 
a series of lengthwise “I” beams, the upper flanges 
of which are joined to form boards about 6 in. wide 
and as long as the trailer. The lower flanges of the 
“T” beams rest on the trailer cross-sills. One outer 
“T” beam has a tongue; the one on the other side 
has a groove. Tongues and grooves are made to 


‘interlock. 


This floor also is adaptable to a refrigerator trailer 
by adding a keeper between the floor sections. The 
keeper provides a space for air circulation under the 
load, eliminating, in most cases, the use of wooden 
duct boards, which are heavy and difficult to main- 
tain. 

Specially-formed sidewall sections fit the outer 
boards and carry the magnesium floor several inches 
up the sidewalls, serving as built-in flashings. All 
areas that might be subject to corrosion are coated 
with zinc chromate paint. 

Magnesium alloy used in trailer floors offers the 
advantages of high resiliency, for good capacity of 
energy absorption, and light weight. Weight saved 
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in a typical 35-ft dry cargo van trailer is about 809 
lb as compared to an ordinary floor; in a refriger-. 
ated unit as much as 1250 lb can be saved. 

Aluminum also can be put to good use in certain 
trailer parts. Forged aluminum wheels can be pro- 
vided as standard equipment on stainless steel traij- 
ers. They are stronger than cast aluminum wheels 
because the forging process gives the wheels a close- 
knit structure which is free from defects sometimes 
found in castings. These wheels are actually 
stronger and more durable than cast steel wheels, 
yet save 9314 lb per axle with 20-in. tires. 

Cast, extruded, and formed aluminum is used in 
vertical supports which hold up the trailer nose 
when the tractor is uncoupled. Various types of 
aluminum are used in the components of the sup- 
port assembly. The support legs are 61 ST alumi- 
num, the support axles of 24 ST aluminum tubing, 
and the wheels of 3/16 in. drawn aluminum, heat- 
treated to 61 S-T6 after drawing and welding. 
Aluminum supports save 120 lb in weight over 
conventional assemblies. 

In extensive tests conducted to compare aluminum 
and steel trailer landing wheels under compressive 
and impact loadings (subjecting each wheel to loads 
up to 47,200 lb), performance ability of the alumi- 
num wheel compared very favorably with that of 
steel. 

As to advantageously using steels other than 
stainless, one application is for kingpins, used to 
connect trailer to tractor coupler. Alloy steel— 
heat-treated, precision machined, cold riveted, and 
welded to the coupler plate—produced a kingpin 
strong enough to pick up a locomotive. 

The upper coupler apron plate is formed from 
hard carbon steel. This is especially designed to 
provide a wide surface so that tractors may back 
into the trailer from an indirect angle. Carbon 
steel has good wearing qualities. The continual 
friction on this plate plus a certain amount of 
grease makes a rust-resistant material unnecessary. 

High-tensile steel is used for coupler backing 
plate members. Their box section construction 
permits them to take the buffeting of the coupling. 

Best bet for an axle especially strong vertically, 
where loads are heaviest, and with useless weight 
eliminated horizontally, would be an “I” beam axle. 
Made of double heat-treated chrome molybdenum 
steel, this axle is rated at 20,000 lb capacity, provid- 
ing a 2000-lb greater margin of safety over axles of 
other types rated at 18,000 lb. 

Because of its unique design, this axle is stressed 
to only 17,000 psi, yet the material has a yield point 
of 110,000 psi. Result is a safety factor of almost 
7 tol. This axle actually weighs 75 lb less than a 
tubular axle in popular use. 

An ideal material for braking surfaces in brake 
drums is nickel alloy cast iron. Pressed steel brake 
shoes save an additional 80 lb per axle. Mainte- 
nance records of many fleets reveal that this com- 
bination offers an efficient brake with the advantage 
of low maintenance cost. 

There are many other materials that go into 
making an efficient trailer. Corrugated sheet alu- 
minum or plywood is used for lining. Rubber 
bumpers are placed on the rear for dock protectio! 
And cast aluminum hinges are used for lightness 
with strength. 
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44S ye sow, so shall ye reap” 

A prophesies rich rewards for 
engineers at the SAE National 
Tractor Meeting at Milwaukee, 
Sept. 13-15, who laid a groundwork 
of fertile ideas aimed at cultivat- 
ing longer-lasting and more pro- 
ductive tractors, implements, and 
earthmoving machines. Promise 
of better things to some in farming 
and construction equipment stem- 
med from an interchange of new 
knowledge on what these ma- 
chines do to the earth, and what 
the earth does to the machines. 

An all-time high in attendance 
of 739 made this the biggest SAE 
National Tractor Meeting, with 
high technical session attendance 
indicative of interest in the pro- 
eTram., 

At the dinner, 317 members and 
guests heard John L. Collyer, presi- 
dent of the B. F. Goodrich Corp., 
urge continued use and improve- 
ment of man-made rubber. He 
also praised the SAE Tractor Tech- 
nical Committee for its standardi- 
zation and simplification of tire 
sizes, and told of the progress in 
tires for earthmoving machines. 
Standardization work of the SAE 
Construction and Industrial Ma- 
chinery Technical Committee, was 
served up by E. F. Norelius as an 

dded event. 

Demands of the customer—the 
excavation contractor in the 
earthmoving machine field and 
the farmer in the tractor-imple- 
ment area—to bring down costs 

er unit of work performed by 

neir respective machines are 
eing better fulfilled, engineers at 
the meeting said. 

Earthmoving machine designers, 

hooting for lower costs per cubic 
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DINNER SESSION participants included (left to right) SAE President 
S. W. Sparrow, SAE Past-President C. E. Frudden, toastmaster, and 
dinner speaker John L. Collyer 


Dinner Speakers 


SPARROW said in part: 


“Without claiming perfect vision, 
I can see definite indications of 
continued growth in size, in 
strength, and in the value of SAE 
to each member. I like the word 
‘growth’ better than ‘expansion.’ 
Expansion brings to mind a toy 
balloon and the discouraged piece 
of rubber that remains when the 
expansion has been too great. We 
don’t want that type of expansion. 

“We don’t want a flock of new 
activities created by a puff of en- 
thusiasm, but without permanent 
value. Nor do we want standards 
or other products of our technical 
committees that have not received 
careful and competent consider- 
ation. There is not much fear on 
that score. 

“The notion that there are two 
sides to every question did not 
originate in SAE. If there are 10 
members on a committee, then 
there are 10 sides to every question 
and much to be said for each side. 
What is more, it usually is said— 
and repeated. 

“If the ‘common sense of most’ 
continues to control (in SAE), 
then the present is secure and the 
future is bright.” 
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COLLYER said in part: 


“A yardstick of the importance of 
rubber to our economy is the 
spectacular increase over the years 
in the consumption of rubber... . 
In 1870, the consumption of rubber 
in the United States totaled only 
4000 tons. The peak prewar con- 
sumption was in 1940 with a total 
of 650,000 tons. 

“The war period is a story in it- 
self; but moving to postwar, we 
find that for 1946, 1947, and 1948 
consumption of rubber was in ex- 
cess of a million tons. Moreover, 
we estimate that consumption of 
rubber this year will be close to a 
million tons, providing no pro- 
longed stoppages of work occur in 
our industries. 

“So you see that postwar con- 
sumption is running at a rate 250 
times the level of 1870, and 50% 
above the highest prewar rate. 
Economic progress of the United 
States has been the most impor- 
tant factor in this enormous 
growth. 

“This year consumption in the 
United States will be almost 14%4 
lb per person, while per capita con- 
sumption for the rest of the world 
amounts to only about 0.9 lb.” 











yard of dirt moved, checked on merits of increasing 
horsepower, capacity, or top speed and came up with 
cost figures revealing the best compromise for vari- 
ous operating conditions. 

For comparative costs, engineers at the meeting 
started with a basic rubber-tired tractor and scraper 
unit and studied it with three design changes—60% 
increase in horsepower, 60% increase in capacity, 
and 60% increase in top speed. Up to 1000-ft hauls 
on 144% downgrades, they found the increased 
capacity design is the greatest producer, although it 
has the lowest average speed and the highest fixed 
cycle. For hauls longer than 1000 ft, the unit with 
greater horsepower shows an increasing production 
advantage. 

In other assumed operating conditions as well as 
this one, the high-horsepower and high-capacity 
units show up advantageously from a production as 
well as cost standpoint. 


Job Flexibility a Criterion 


Versatility of earthmoving machines was labelled 
as another significant feature. Giving a contractor 
equipment that will fit the greatest variety of jobs 
and conditions to meet competition, engineers 
agreed, is one of their biggest responsibilities. 

Smaller and medium size units are more versatile 
for mass earthmoving production, some maintained, 
because more units may be used on long hauls to 
keep the pusher or shovel busy. Haul road mainte- 
nance for getting higher average speeds is more 
economical with smaller and medium size units, 
not to mention transportation from job to job and 
investment in standby equipment. 

One of the most versatile machines was said to be 
the crawler tractor-scraper unit. This is a univer- 
sal tool, considering the various types of dirt-mov- 
ing operations. 

It was pointed out that the average dirt haul is 
less than 2000 ft long. A project may have some 
hauls longer than this, which forces the contractor 
to decide whether to purchase or rent the proper 
equipment or to accept a higher cost and use stan- 





Among those who helped 
make the SAE National 
Tractor Meeting a success 
are (left to right) C. A. 
Hubert, chairman, SAE 
Tractor & Farm Ma- 
chinery Activity Meetings 
Committee; L. A. Gilmer, 
SAE Vice-President for 
Tractor and Farm Ma- 
chinery Activity; G. W. 
Curtis, chairman of the 
General Committee for 
the meeting; and G. J. 
Haislmaier, chairman of 
SAE Milwaukee Section 


dard equipment. Fact that the choice is voluntary 
and not forced on the contractor equipped with 
crawler machinery is a point in his favor. 

Rubber-tired equipment proves satisfactory for 
normal ground conditions, admitted crawler advo- 
cates, but is immobile when the ground is slick after 
a rain. The crawler tractor can travel under ex- 
tremely bad conditions. High power of the rubber- 
tired unit compared with struck capacity repre- 
sents high fuel costs per hour. 

However, some engineers argued in favor of 
greater horsepower in earthmoving machines for 
higher speeds, within limits of road conditions and 
personnel safety. 

Typifying this approach is an 18-yd struck bottom 
dump tractor described, powered by two 190-hp 
engines, each equipped with a torque converter and 
transmission. This amount of power, applied to 
four driving wheels, coupled with ability to shift the 
transmissions simultaneously under full torque, 
evolves a unit which performs well in soft, sandy 
conditions. This machine not only ascended a 15 
to 20% grade built of wet sand, but also pushed a 
13-yd unit ahead of it. 

Engineers argued that two engines on the same 
unit are justified because lower cost per horsepower 
results (higher production engines are used), the 
powerpiant can be placed relatively close to the 
point of application, better weight distribution is 
possible, and clutches, transmissions, and propeller 
shafts cost less. 


Hydraulic Controls on Increase 


The higher productivity aim is fast making hy- 
draulic power an integral part of earthmoving ma- 
chines, examples cited at the meeting indicate. 

Finer control of bulldozer blades and power 
shovels with less operator fatigue were among the 
advantages claimed for hydraulic power. The hy- 
draulic equipment trend also was said to be carrying 
over to scrapers and grades. For years a single- 
purpose machine, the road grader today can be 
adapted to snow plows and loader attachments using 
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air hydraulic circuit with simple piping and low con- 
version expense. 

‘arm equipment engineers reciting the perform- 
ance of their -designs on tillage, cultivation, and 
harvesting laid down demands being made on their 
machines by modern farming techniques. New cul- 
tivating methods were said to:require an ever-in- 
creasing range and flexibility in tractors which will 
satisfy the farmer, “who values his tractor for the 
work it will do, the loads it will push, pull, lift, and 
carry in good and bad footing, for the machines it 
will drive, and the places it will go without damaging 
crops.” 

Lower speeds are going to be necessary, implement 
designers predicted, to handle high-yielding hybrid 
grain and cotton varieties—and to power corn pick- 
ers built to handle “picket-fence” rows of corn, 
planted in widely-spaced rows . . . but they warned, 
farmers also want to work faster and handle more 
acres per hour. 

Desirable, too, will be increased draft and power 
take-off capacities on small as well as large tractors, 
because the small farmer wants to contour his farm 
with his light equipment—and insists that he be 
able to maintain terraced fields and do some bull- 
dozing and grading jobs, however slowly. 

Higher clearances—and perhaps cab-over-engine 
designs—also were suggested by implement men as 
needed to accommodate the equipment used in 
spreading anhydrous ammonia fertilizer, and to 
better balance the heavy equipment carried in the 
rear for modern spraying, flame throwing, soil fumi- 
gation, and liquid fertilization. 


Reemphasize Basic Jobs 


But one tractor engineer reminded his colleagues 
that the farm tractor’s greatest use is in tillage, 
cultivating, and harvesting operations, and that 
efforts should be made to adapt the design to as 
many requirements as possible, but not at the ex- 
pense of features necessary for these basic jobs. 

All this and the “heaven too” of low price and eco- 
nomical operation seems to be the requirement, ac- 
cording to implement designers who spoke at the 
meeting. “All we implement designers want,” one 
of them summarized, “is for the tractor engineer 
to shrink his powerplant and gear trains into some 
out-of-the-way corner, and pull more power out of 
the assembly at convenient points!” 

Conservation farming (preserving the soil and 
making it resist erosion) was said to be changing 
farming operations—which in turn also change the 
traditional requirements for farm machinery. Re- 
iterating these modern maxims, soil conservation 
experts revealed that experience and research has 
gone a long way to spell out the “how” of these 
changes. 

The brunt of these changes, comments indicated, 
fall on the farm implements, but discussion showed 
Clearly that tractor design, too, will be challenged, 
even though indirectly through demands made by 
implement changes. 

Need for permitting fields to be bare for as short 
& time as possible, for example, brings need for im- 
Diements which have greater maneuverability and 
ease of operation, tractors on which implements can 
5€ mounted and changed more readily, smaller sized 
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units, more adaptable units, and greater availability 
of dirt-moving attachments. 

Needs for producing a seed bed which avoids 
highly pulverized surfaces brings other new imple- 
ment requirements, as does the growth of mulch 
farming and other soil conservation practices. And 
in each case, the specifics of implement design 
needed are pretty well known. Many of them were 
detailed by experts for the tractor-implement audi- 
ence at the meeting. 

The change from rectangular-shaped fields to 
long, narrow contour strips, called “the transition 
from the compass to the bubble tube in determining 
row direction,” also was seen as a challenge to imple- 
ment and tractor design. Corn pickers able to 
negotiate sharp radii of curvature, improved ma- 
chinery for terrace construction, and hydraulically- 
steered tractors for precise contour row cultivation 
were cited as growing needs in this area of conser- 
vation farming. 


Machine Research 


Second phase of their problem, meeting partici- 
pants noted, is the effect of the earth (and its prod- 
ucts) on the machines that work it. Working forces 
and induced stresses are giving way to studies re- 
lying on instrumentation and stress analysis, which 
effort, researchers predicted, should pay off in 
longer-living machines. 

For example, tiny, sensitive instruments are re- 
vealing the behavior of earthmoving behemoths, 
engineers at the meeting revealed. Performance of 





Under the general chairmanship of G. W. Curtis, the fol- 
lowing served as chairmen of the six technical sessions of 
the SAE National Tractor Meetings: J. W. Bridwell, R. A. 
Beckwith, H. L. Brock, W. H. Worthington, D. C. Heitshu, 
and W. E. Knapp. 

This report is based on discussions and 13 papers... . 
“Obtaining Higher Average Speeds by the Utilization of 
Horsepower in Earthmoving Equipment,” by John P. Carroll, 
Caterpillar Tractor Co.; “Utilization of Horsepower in Earth- 
moving Equipment—Use of Large-Capacity, Slow-Speed 
Equipment,” by John E. Marson, Bucyrus-Erie Co.; “Utiliza- 
tion of Horsepower in Earthmoving Equipment—Use of 
Higher Maximum Speeds,” by Leslie Rittenhouse, The Euclid 
Road Machinery Co.; ‘Hydraulic Power as Applied to Earth- 
moving Equipment,” by E. J. Hrdlicka, Hydraulic Equipment 
Co.; “Research on the Performance of Power Cranes and 
Shovels,” by Trevor Davidson and J. H. Meier, Bucyrus-Erie 
Co.; “Dust and Its Effect on Air Cleaner Design,” by W. 
W. Lowther, Donaldson Co., Inc.; “Lubricant Retention and 
Dust Exclusion on Farm Implements,” by S$. C. McCombs and 
R. O. Isenbarger, Chicago Rawhide Mfg. Co.: “High Fr 
quency Heat-Treatment of Gears—Equipment and Proce 
by J. A. Redmond, Westinghouse Electric Corp.: 
Hardened Gears,” by H. B. Knowlton and H. F. Kincaid, 
International Harvester Co.: “Tillage Forces and Their 
Effect on the Farm Tractor,” by A. W. Clyde, Pennsylvania 


" Ir duction 


State College; “Gear Drives in Implement Design,” by E. E. 
Eaton, Clark Equipment Co.; “New Cultivating Methods.” 
by $. D. Pool, International Harvester Co.: and “Soil Con- 


servation Practices as Related to Farm Tractor and Imple- 
ment Design,’ by G. E. Ryerson, Soil Conservation Service 
U. S. Department of Agriculture 
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power shovels and draglines in removing clumps 
of clay and outgrowths of rock as well as the reac- 
tion of their parts to high repetitive loads in these 
operations are emerging from such test studies. 
One of the devices used is a bonded wire electric 
strain gage. Ideally suited to such dynamic work, 
the strain gage transmits data to recording parts 
remote from moving parts. 

Stress determinations made in this way, special- 
ists said, establish the suitability of a part for the 
service to which it is subjected. Also it is possible 
to determine the stress imposed upon a part by 
service loads. 

Another delicate instrument being put to work to 
study the behavior of a shovel as it takes a cut out 
of rock, clay, sand, and other materials is an electric 
pantograph. It plots power data against dipper 
position and also the path of the dipper. By laying 
a scale model of the dipper and handle on the trace, 
the angle of attack between dipper and bank can be 
studied. 

Tractor and implement engineers also were urged 
to learn more about the forces encountered by a tool 
working the earth. They heard that more informa- 
tion on the behavior of these tillage forces is a must 
to supplant cut-and-try methods of designs. 

Implement designers admitted the need for know- 
ing more about these forces for developing the tool, 
in operating or hitching to it, and setting up shop 
tests that will duplicate service loads on the tool, or 
part of it. Tractor engineers declared such informa- 
tion valuable for determining stability and traction. 

Design theory related to tillage forces was called 
inadequate on two counts. First, engineers must get 
straight on the use of mechanics in dealing with the 
forces involved, a theoretician said. Second, in- 
formation is yet lacking on the vertical and side 
forces on tool and their relationship to the draft. 

Tractor men told how they were meeting these 
high working stresses in gears with high-frequency 
induction hardening to increase the strength and 
lower the cost of these components. Hailed as a 
boon to heat-treatment, this one-at-a-time method 
of hardening was said to cost less for labor and 
equipment, compared with carburizing, if the pro- 
duction is reasonably high. The one-at-a-time sys- 
tem also saves handling and trucking costs. The 
gears can be hardened as they come off gear-cutting 
machines one at a time, or in small lots. This tech- 
nique also was claimed to eliminate a large backlog 
of gears and costly furnace shutdowns. 


Permit Less Costly Steels 


But principal economy was said to stem from the 
replacement of alloy steels with carbon steels. 
Given as an example of this feature of induction 
hardening was a large 36-in. diameter, 6-in. wide 
final drive gear. Formerly made of nickel-alloy 
steel, induction hardening permitted a change to 
carbon steel, with 15-lb saving of nickel per gear. 
The higher hardness imparted to the gear made for 
greater load-carrying ability and wear resistance. 
In fact, the gear width could have been reduced and 
the performance of the nickel-alloy gear main- 
tained. 

Other advantages claimed for induction heat- 
treatment include the elimination of machining 





operations (needed to correct distortion which ae. 
companies other hardening methods), and the 
cleaner, cooler working conditions with this process. 

Turning from the pro to the con side of induction 
heating, engineers pointed out that induction heat- 
ing equipment requires specialized maintenance anq 
rigid metallurgical control. Many applications were 
said to involve substitution of higher carbon steels, 
requiring special attention to machining methods, 
and in some cases shortening tool life and lowering 
production. Final score showed most in favor of in- 
duction heating, feeling that its advantages far out- 
weigh the problems it presents. 

Gear production discussions veered off to the 
design side, with implement engineers forecasting 
simplification and complete enclosure of gear drives. 

They decried current drives that are open, ex- 
posed, and over-elaborate. These designs require 
too much of the farmer’s time for lubricating and 
servicing them. Greasing instructions for one such 
drive calls for lubrication of 62 individual points 
every 4 hr of operation. 

Another current problem in this area, brought to 
light at the meeting, is the wide variety of gear 
drive designs being produced for accomplishing 
identical functions. Even for the same type equip- 
ment, different gear drives can be found. While this 
is complicated by the number of motions and speeds 


these drives must impart, it does create a problem in 
the field. 


Standardization Urged 


Engineers at the meeting saw the demand for 
greater interchangeability bringing on standardized 
units. Desire for lower unit cost and improved serv- 
ice facilities, they continued, will serve as a further 
impetus toward standardization. 

Dirt and earth in small quantities can do more 
harm to mechanized equipment on its finely-ma- 
chined internal surfaces than can large soil masses 
resisting working tools, air cleaner and oil seal, 
engineers warned. 

Tractor men were told that protection of engines 
in farming operations depends on choice of air 
cleaner and its installation. Most important air 
cleaner feature, they learned, is adequate capacity. 
Inadequate capacity causes dirty oil to be pulled 
over into the engine from the air cleaner. Dust- 
laden oil condenses in the air cleaner element. Here 
the dust settles out and the oil is used over and over 
again in the wetting process of trapping dry dust 
particles. 

Since the dust-laden oil must return by gravity, 
there is a very definite speed through any air cleaner 
at which the oil will be pulled over. For this reason, 
the air must flow safely below this speed under all 
engine air demands. 

Dust capacity of the air cleaner also emerged as 
a significant factor in cleaner selection, since the 
operator does not want to be bothered with servicing, 
except at specified times. The oil cup must have 
an ample oil supply to keep plenty of fluid oil after 
its quota of dust has been reached. The overall re- 
striction under these conditions should be close to 
the initial reading. 

Implement and tractor designers argued the 
merits of synthetic rubbers versus leather for seals 
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to exclude dirt, water, and other foreign matter 
from bearings and bearing surfaces. 

Cited as an advantage of synthetic rubber seals is 
the fact that they will withstand higher tempera- 
tures than leather—275 F as compared with 225 F. 
It was also said that synthetic rubber seals, being 
dense and nonporous, will satisfactorily seal low- 
viscosity fluids, which tend to penetrate and seep 
through the fibrous structure of leather. 

Synthetic rubber seals also can be molded to 
shapes and designs, permitting maximum reduction 
of running friction and the resultant temperature 
rise. 

Among the disadvantages of synthetic rubber is 
the tendency of some compounds to adhere to shafts 


or hubs during long periods of machine idleness. It 
also has been found that to function efficiently and 
to have long life, synthetic rubber seals must oper- 
ate on much finer shaft finishes than leather. And 
prelubrication of synthetic seals at time of assembly 
is vital to insure against scuffing and premature 
wear. 

Seal designers cautioned that the advantage of 
synthetic rubber as regards sealing low-viscosity 
fluid can boomerang, since synthetic seals must have 
adequate lubricant supply at the sealing lip at all 
times during operation ... the nonporous character 
of synthetic permits no absorption and redistribu- 
tion of lubricant, which takes piace with leather 
seals. 
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HAT producibility and performance of aircraft 

must and can advance hand in hand was an in- 
escapable conclusion of the National Aeronautic 
Meeting. 

SAE’s best attended postwar aeronautic meeting 
drew 800 engineers to Los Angeles for four lively 
panel discussions on producibility, one on the trans- 
port of 1955, and six technical papers. Many arrived 
early to spend Wednesday, Oct. 5, inspecting the 
Southern California Cooperative Wind Tunnel and 
Hydrodynamic Laboratory at California Institute of 
Technology. And more than 450 remained for the 
Saturday evening dinner, making it a sell-out. 

All 800 at the meeting went away conscious that 
the tempo of modern warfare now forces the mili- 
tary services to define “producibility” and rate it on 
a par with “tactical suitability” and “engineering” 
in the evaluation of new aircraft designs. 

Reflections of the military policy came in three 
panels that considered means which designers, pro- 
duction experts, and management can use to achieve 
ready producibility plus high performance in air- 
craft and engines. The panels generated an aware- 
ness that provision for producibility must start as 
the prototype takes shape on the drawing board, and 
continue through production planning right up to 
production testing of the peak volume. 

The aim of producibility—availability of high- 
performance aircraft in time of national emergency 
—calls for standardization of military and com- 
mercial transport designs, a fourth panel agreed. 
If a fifth panel which appraised the 1955 transport 








Aero Meeting Studies 


is right, operators will be standardizing on a turbo- 
jet or turboprop airliner in the 450-500 mph class, 
costing around $2,000,000 per airplane if produced in 
100-unit lots. 

Assurance of some of the improvement in per- 
formance that the industry seeks along with pro- 
ducibility came in reports of a source of more-re- 
liable cascade test data, new knowledge on turbine 
engines’ tolerance of sand and dust, research on 
fuel spray nozzles, an improved magnesium extru- 
sion alloy, an all-pneumatic auxiliary power system, 
and a wheel-slide protection device. 


Producibility Plus Performance 


Engineers at the meeting learned that the military 
services want all the producibility they can get with- 
out sacrificing performance gains.. To evaluate pro- 
ducibility of proposed aircraft designs, the Air Force 
plans a new producibility specification... It will 
recognize two kinds: 

1. Design producibility—Does the design allow 
efficient production? 

2. Manufacturing producibility—Are the facilities 
and men needed for efficient production available? 
(See excerpts from discussion on pages 17 ‘and 18.) 

As one chief engineer explained it, the way to 
achieve favorable design producibility is to employ 
“producibility-conscious” engineers to get produci- 
bility into the basic design; then to assign designers, 
besides those devoted to the experimental schedules, 


Ready to explore subject of 
optimum engine producibility 
are panel members W. P. Cross, 
Pratt & Whitney Aircraft Divi- 
sion, UAC; W. C. Heath, Solar 
Aircraft Co.; R. P. Kroon, West- 
inghouse Electric Corp.; A. T. 
Colwell, Thompson Products, 
Inc.; K. N. Bush, General Elec- 
tric Co.; and Panel Chairman 
R. F. Gagg 
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PRODUCIBILITY 





', . . quality enabling a design to be 
produced with minimum expenditure of 
materials, time, and labor. . .” 


to work on producibility of design details and to ex- 
plore manufacturing possibilities. 

There was a lesson in producibility for these de- 
signers in a breakdown description of the J34. This 
turbojet is designed to be built up from seven major 
subassemblies. The design avoids close tolerances 
between mating parts. For example, the slender, 
flexible turbine shaft permits considerable misalign- 
ment of the stationary parts without unduly large 
bearing forces or shaft stresses. Such design de- 


Production and design experts 
(shown left to right): Major- 
Gen. K. B. Wolfe, USAF, Deputy 
Chief of Staff for Materiel; 
S. J. Pipitone, Glenn L. Martin 
Co.; G. W. Motherwell, Wy- 
man-Gordon Co., prepare to ex- 
plain significant structural de- 
sign and fabrication develop- 
ments. Panel Chairman F. L. 
Magee stands at the lecturn 


Panel discussion on basic prob- 
lems of producibility brings to- 
gether (left to right) Harold 
Harrison, who presented discus- 
sion by H. L. Hibbard, Lockheed 
Aircraft Corp.; Rear-Adm. A. 
M. Pride, USN, Chief, Bureau 
of Aeronautics; Brig.-Gen. A. 
H. Johnson, who presented dis- 
cussion by Major-Gen. F. M. 
Hopkins, Jr., USAF, Chief, In- 
dustrial Planning Division, AMC; 
E. B. Newill, Allison Division, 
GMC; and Panel Chairman 
F. C. Crawford 
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tails as quick-disconnect joints and harnesses hold- 
ing all electrical conduits within a common cover- 
ing facilitate assembly. 

Because of the J34’s subassemblies, assembly 
teams can specialize. Their training takes less time, 
which increases producibility. And their greater 
skill helps performance. 

Assigning extra designers to get this kind of pro- 
ducibility into the design during prototype stages 
adds to costs. Future prototype contracts must 
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cover the added costs, it was pointed out. 

Even when designers must scarifice producibility 
in interest of performance in the prototype, con- 
tinued effort can improve both in the light of proto- 
type testing, an engine builder showed. When an 
engine structure is first conceived, the designer usu- 
ally employs the best of materials to assure highest 
strength in spite of elevated operating tempera- 
tures. (He may use materials like columbium, co- 
balt, and chromium, that are too scarce for volume 
production of engines.) But testing experience 
shows how to eliminate the vibrations that underlie 
the strength requirements. 

Then the structure can be redesigned for fabrica- 
tion out of ordinary materials—making it more 
readily producible. And the structural improve- 
ments better the engine performancewise. 


New Production Techniques 


Panel members disclosed new techniques and tools 
that improve manufacturing producibility of turbine 
engine blades and sheet metal parts. Simultaneous 
improvements in accuracy insure that the engines 
will attain designed-in performance. 

For example, frozen mercury patterns make pos- 
sible precision casting of turbine and compressor 
blades too complicated to make any other way, it 
was reported. The process depends on the fact that 
two clean surfaces of solid mercury will weld to- 
gether with very light pressures. Building up com- 
plex mercury patterns is relatively easy. Completed 
patterns are dipped in ceramic, forming molds much 
thinner than those formed by investing wax or 
plastic patterns. 

Cores for hollow castings can be built up with the 
mold during the ceramic coating operation. This 
way, cores can be formed thin enough to offer little 
resistance to the cooling metal around them. Dis- 
tortion of hollow blades is minimized. 

Hollow, internally cooled blades made by this 
process might permit considerably greater power 
output because they could tolerate higher gas tem- 
peratures, it was pointed out. Or, operated at pre- 
sent peak temperatures, they could save on critical 
high-temperature materials. 

Surface finish of parts made by this process is 
excellent. Dimensional tolerances can be held 50% 





D. Roy Shoults (second from right), 
general chairman of the produci- 
bility panels, accepts congratula- 
tions of SAE President Sparrow on 
the four well coached discussions, 
while C. F. Thomas (extreme left), 
general chairman of the meeting, 
and Peagan C. Stunkel (extreme 
right) , chairman of the host section, 
Southern California, look on. Also 
cooperating were SAE’s seven other 
West Coast sections and groups 
and the Aircraft Industries Associ- 
ation of America, Inc., and the Air 
Transport Association of America 


closer than with the wax method. Although experts 
dispute the magnitude of importance of these two 
factors in blade performance, they agree that finer 
finishes tend to improve performance and do reduce 
stresses. 

Simpler, solid blades are most readily producible 
by precision forging, rolling, and the powered metal 
process, according to a blade manufacturer. 

Producibility of sheet metal parts, like exhaust 
cones and burner liners, is profiting from direct- 
current, dry-disc resistance welding machines fea- 
turing a low inertia head for fast follow-up pressure. 
The head cuts scrap losses, saves time, and improves 
parts by minimizing internal cracking, gas porosity, 
shrink voids, and expulsion of metal, according to its 
proponent. 

Important to any method of fabricating sheet 
metal engine parts are machine feeding and index- 
ing fixtures, he told production specialists. 

The process of achieving producibility extends 
even to production testing of the finished article, a 
test expert showed. Testing involves test cells, fuel, 
and manpower—all of which would be critical in 
time of national emergency. His examination of 
piston-engine testing practices disclosed the secret 
of efficient testing: thorough training of test per- 
sonnel, attention to preparing the engine for testing, 
and preventive measures to avoid need for engine 
repairs during the course of testing 


J47’s from Subcontracted Parts 


Along with these specific tips for production engi- 
neers on increasing manufacturing producibility 
came a lesson for management in the story of the 
J47 turbojets produced at Lockland, Ohio, entirely 
of parts supplied by over 200 subcontractors. The 
prime contractor merely specifies the parts to be 
purchased, checks delivered parts, and assembles 
them. 

This policy of subcontracting perpetuates produc- 
tion skills in plants built up during the last war and 
decentralizes strategic industries. In case of emerg- 
ency, it will be easier for each subcontractor to ex- 
pand and new ones to join than for one complete 
plant to expand. 

In the manufacture of airframes, producibility is 
catching up with performance of new wing designs, 
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a team of design and production specialists demon- 
strated. They explained that to take advantage of 
the extra performance that jet engines can give 
airplanes, wings had to be thinner and more highly 
loaded. Keeping weight of the thin wings to a mini- 
mum required continuous thick tapered cover ma- 


terial. Now with new facilities for forging alumi- 
num and magnesium, the new thin wings will be 
more readily producible in large quantities than old- 
type wings were. 

The thin wings resulted from a new design phi- 
losophy which substitutes elastic stability theory 
dealing with plates for that dealing with columns for 
determination of the allowable critical compression 
load on the upper wing cover. Thus critical load 
is an inverse function of the square of the spacing 
between beam webs and is independent of rib spac- 
ing. Therefore, as far as compression load is con- 
cerned, the ribs can be eliminated. 

Eliminating the ribs enhances producibility and 
performance. There are fewer parts to make and 
fewer to assemble. The finished wing weighs 10% 
less and is more accurate because there is no ac- 
cumulation of tolerances of internal structure. 

To get along without ribs, the wing cover must 
have bending and shear stiffness in the chord direc- 
tion as well asin the span direction. (Former covers 
required spanwise stiffness only.) That means 
covers must be continuous in the chord direction as 
well as in the span direction. But the amount of 
material required decreases toward the tip; the 
weight efficiency of the new covers depends on 
tapered blankets. 

Tapered cover can be machined from rolled or 
forged flat stock, or it can be rolled or forged 
tapered. For large scale production and flexibility 
in detail design, forging is the best process, accord- 
ing to one expert. He recommended that suppliers 


Panel waits for audience’s re- 
action to this year’s appraisal 
of the 1955 air transport. Panel 
members are (left to right) 
D. J. Jordan, Pratt & Whitney 
Aircraft Division, UAC; Carlos 
Wood, Douglas Aircraft Co.; 
H. R. Harris, American Overseas 
Airlines; E. H. Atkin, A. V. Roe 
Canada, Ltd.; and Panel Chair- 
man W. E. Littlewood 


Members of the panel on in- 
terchangeability of military and 
commercial transports are 
pleasantly surprised to find 
themselves so much in agree- 
ment. Shown are (left to 
right) Major-Gen. L. S. Kuter, 
Commanding General, Military 
Air Transport Service; W. W. 
Davies, United Air Lines, Inc.; 
G. W. Haldeman, CAA; W. E. 
Beall, Boeing Airplane Co.; and 
Panel Chairman D. W. Rentzel 
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of forged sheet direct their development toward 
longer, wider, thicker sheet material and leave the 
tapering to machinists. 

Forging aluminum and magnesium aircraft com- 
ponents requires the slow squeezing action of hy- 
draulic presses. (These metals do not respond satis- 
factorily to the impact forging equipment usually 
used for ferrous metals, it was explained.) Because 
the light metals can be forged at relatively low tem- 
peratures, around 800 F, die temperature can be 
maintained close to forging temperature, thereby 
reducing heat loss during the slow press action. 


Pilot Forge Plant Begun 


The Germans pioneered use of large pressure forg- 
ings for magnesium. They built three 15,000-ton 
and one 30,000-ton presses and were well along on 
design of a 55,000-ton press when the war ended, it 
was reported. War demonstrated the advantages of 
large presses to the USAAF. In 1944, the United 
States government financed construction of an 18,- 
000-ton press near Worcester, Mass. Now, in addi- 
tion, American industry is acquiring German equip- 
ment. Some will go to a government plant in 
Adrian, Mich., set up to study forging techniques. 

Maintaining this design- and manufacturing- pro- 
ducibility potential disclosed at the meeting will 
require sustained procurement, a manufacturer’s 
representative stressed. Speaking of engines, he 
said that if we are to have suitable designs when we 
need them, we must design, develop, manufacture 
and prove in flight continually advancing types. 
Readily producible engines can be designed, even if 
quantities on contracts are small. It is continuity 


of work—not necessarily large orders—-that insures 
performance with producibility, he said. 
One step toward providing this continuity was 

















taken at the meeting. Military and commercial 
operators and manufacturers of transport aircraft 
agreed that standardization of military and com- 
mercial transport aircraft is practical and essential. 

Although the military underwrite development of 
the costly new designs they must have to protect the 
nation, they cannot afford to procure a large standby 
fleet for quick mobilization. Commercial operators 
can’t pay for continuing development, even though 
they need the economy it brings. But they have to 
buy the fleets anyway. Both sides reason that only 
by combining can the nation have a fleet of the most 
advanced aircraft on hand for emergencies plus its 
peacetime advantages. 

By combining, operators expect also to increase 
expansibility of production rates, reduce production 
costs, and establish pools of trained workers all the 
way from the design board to the cockpit controls. 

Although operators recognize differences in mili- 
tary and commercial certification codes, they hope 
to reconcile them. Some believe that the C.A.R. 
might serve as the basis for standardization, with 
the military using heavier loadings or shorter fields 
at the sacrifice of a little of the performance written 
in for the airlines. 

Reappraisal of the requirements for the air trans- 
port of 1955 resulted in little change from the con- 
clusions reached in a similar panel discussion at the 
October 1948 SAE National Aeronautic Meeting. 


Turbojets vs. Turboprops 


Turbojet enthusiasts—and they were again in the 
majority—talked confidently of vibration-free jet 
transports whose engines would consume only 0.9 
lb thrust per hour. One engine-performance au- 
thority granted that the resources pouring into jet 
development will produce good jet engines for 1955 
fighters and bombers, but he hinted that they might 
not be the optimum engines for transports. Turbo- 
props are worth considering, he suggested. 





Left to right: success of the meet- 
ing brings smiles of satisfaction to 
Karl Arnstein, SAE Vice-President 
representing Aircraft Activity, R. 
C. Loomis, SAE Vice-President rep- 
resenting Air Transport Activity, 
E. G. Haven, Aircraft Powerplant 
Activity Meetings Chairman; and 
L. R. Koepnick, Air Transport Ac- 
tivity Meetings Chairman 





Manly Memorial Medalist Andrew Kalitinsky (left) 

poses with Gaylord Newton, who made the presenta- 

tion to Kalitinsky for his paper “Atomic Power and 
Aircraft Propulsion” 


An analysis of traffic potentials, stage lengths, 
speeds, costs, and airports indicated that the 1955 
transport must be usable for trip lengths of 830 to 
3500 miles in order that a production quantity of at 
least 100 airplanes may be set up. At that rate, the 
transport will cost about $2,000,000. This is the 
combination of maximum allowable price and mini- 
mum quantity necessary to put operating costs into 
a profitable region. 

Operators are still seeking better visibility, less 
vibration, and more safety—all in an airplane per- 
mitting lower fares. They would like to raise last 
year’s speed specification of 400 mph to 450-500 mph. 

Promise of performance advances emerged from 
disclosures of new design knowledge and new prod- 
ucts. 

Two researchers described a new twist in cascade 
testing that yields more-reliable data for the sys- 
tematic design of axial-flow compressors and tur- 
bines. Past data contained discrepancies arising 
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, interaction and interference of the boundary 
vers on the side walls of the tunnel with flow about 
he test airfoils. Now NACA solves the problem by 
drawing off the boundary layers through porous 
side walls installed in their tunnels, they explained. 

Data presented on Air Force experiments with 
turbine engines operated under simulated dust- 
storm conditions pointed to gradual performance 
deterioration rather than rapid failures. Designers 
were advised to locate duct entrances in areas of low 
dust concentration or to use flash-type entrances. 
Sand removal from intake air appears hopelessly 
detrimental to engine efficiency, they were warned. 

Since small amounts of sand ingestion left the 
engine much cleaner than at the start of testing, 
this was suggested as a cleaning method. Discussion 
brought out that the British have a liquid cleaner, 
which can do the cleaning without the erosion dan- 
ger of sand cleaning. 

Consideration of fuel spray nozzles for turbine 
engines revealed that it is the low-delivery range, 
corresponding to starting and high-altitude idle 
operation, that is troubling designers now. In this 
range, engine performance is particularly sensitive 
to degree of atomization and evenness of fuel divi- 
sion, they found. Duplex or expanding swirl-type 
nozzles give good atomization, good air mixing, free- 
dom from seizure, and adequate low-delivery-rate 
performance, they concluded. 


New Products Described 


Recommended to designers of extruded airframe 
parts was a recently developed magnesium alloy 
containing 0.6% zirconium and 5.7% zinc. The 
zirconium refines the grain, improving strength, 
toughness, and notch-insensitivity. Beams of this 
alloy, designated ZK60, are efficient and readily pro- 
They can be made 25% cheaper and 5% 
lighter than comparable aluminum beams, said 
ZK60’s advocate. He asserted that corrosion resist- 
ance of ZK60 compares favorably to that of some 
common aluminum alloys. 

A user confirmed the advantages claimed for the 


alloy and reported that recently conducted gunfire 
tests indicate that ZK60 extrusions can withstand 
combat conditions satisfactorily. 

Two new aircraft accessories were described, one 
to conserve propulsive power and the other to brake 
it more safely during landings. 

An “all-pneumatic” system combining gas turbine 
compressor units and supercharger air extraction 
from the main engines was proposed as a solution to 
the problem of powering aircraft accessories and 
starting the main engines. Load demands at low 
altitude are met by the auxiliary unit and at high 
altitude by the main engines or main engines plus 
auxiliary unit. 

The idea is to duct the output from the turbine- 
powered auxiliary compressor and from the main 
engines to a common manifold. Manifold air goes 
to a burner, then to power turbines which convert 
power from the compressed air to drive alternators 
and generators. These supply electrical power 
needs. 

Exhaust heat of the turbine unit heats the cabin. 
Compressed air furnished to an air-cycle refrigera- 
tion unit cools it. 

For wing deicing compressed air bled through the 
nozzle of a jet pump induces airflow through a com- 
bustion heater. For starting the main engines, the 
auxiliary unit compresses air which passes through 
the manifold to a pneumatic starter. 

Landing gear, flaps, bomb doors, control servos, 
and similar intermittent actuations are handled by 
high-pressure actuators, either hydraulic or pneu- 
matic. 

The other accessory described is an antiwheel- 
Slide device called a “Decelostat.” The device is an 
adaptation of those used on railroad cars. 

An energy wheel synchronizes with the landing 
wheel. Wheel slip is detected instantly by over- 
travel of the energy wheel. Overtravel results in 
a momentary reduction in braking force, which 
averts skid. . 

Besides eliminating skids and tire blowout, the 
device aids steering and shortens stops, it was re- 
ported. 








Based on discussions and six papers presented at two 
sessions under the chairmanships of G. W. Newton and 
A. L. Klein. Papers “Sand and Dust Erosion in Aircraft 
Gas Turbines,” J. E. DeRemer, Air Materiel Command. 

. . “New Approach to Axial Compressor Cascade Test- 
ing Technique,” J. R. Erwin and J. C. Emery, National 
Advisory Committee for Aeronautics. . . . “Practical 
Conclusions on Gas Turbine Spray Nozzles,” D. R. 
Ganger and F. C. Mock, Bendix Products Division, 
Bendix Aviation Corp. . . . “Auxiliary Gas Turbines for 
Pneumatic Power in Aircraft Applications,” H. J. Wood 


and F. Dallenbach, AiResearch Manufacturing Co... . 
Wheel Slide Pro- 


Air Brake Co... . 


“Aircraft Decelostat—A Device for 
tection,” A. J. Bent, Westinghouse 


“History, Characteristics, Service Experience and Future 
Prospects of ZK60 Magnesium Extrusion Alloy,” E. H. 
Schuette, Dow Chemical Co. . . . All of these papers 
will appear in abridged or digest form in forthcoming 
issues of the SAE Journal, and those approved by Read- 
ers Committees will be published in full in SAE 
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ORMOND E. HUNT, General Motors’ executive vice- 
president, retired on Oct. 1. He continues as a 
member of the Corporation’s Board of Directors. 
On Sept. 22 he received the Second Annual Award 
of Merit from the American Association of Motor 
Vehicle Administrators “in recognition and grateful 
appreciation of his immeasurable contribution to the 
education, economy, and pleasure of America 
through his activities and cooperation in develop- 
ment of automotive transportation.” Prefaced only 
by a brief two years in the construction business 
immediately after graduating from University of 
Michigan, Hunt entered automotive engineering and 


stayed there. 


World War I took him from a chief- 


engineer post at Packard to be chief engineer in charge of Liberty aircraft 
engine design and production for Uncle Sam. He returned to Packard after 
the war, spent a year with Hare’s Motors in New York and came to GM as chief 
engineer of Chevrolet in 1921. He went on to become a GM vice-president in 
charge of technical activities, a member of the board of directors and of the 
Operations Policy and Administration Committees, and executive vice-president. 
. . . He regularly contributes potently to the technical and general progress of 
the industry as leader or active counselor on projects of general industry con- 
cern—often in a manner which keeps his own efforts in the background and 


leaves to others the public acclaim. 








KINDL DEAN 








NEWILL 


OSBORN 


CARL H. KINDL and HUGH DEAN have been elected vice- 
presidents of General Motors Corp. Kindl, who has been 
assistant to O. E. Hunt, will have jurisdiction over the 


Overseas and Canadian Group, and Dean, formerly general 
manufacturing manager of the Chevrolet Motor Division, 
will be in charge of the manufacturing staff. Kindl and 
Vice-Presidents CYRUS R. OSBORN, general manager of 
the Electro-Motive Division, and EDWARD B. NEWILL, 
general manager of Allison Division, were elected to mem- 
bership on the corporation’s administration committee. 
R. M. KYES, formerly executive in charge of the former 
procurement and schedules staff, has been appointed as- 





sistant general manager of the GMC Truck & Coach Di- 


vision, Pontiac, Mich. 


KYES 





CHARLES O. BIRD is now associ- 
ated with the Tarrant Mfg. Co., Sara- 
toga Springs, N. Y., in the capacity of 
chief engineer. 


VERNON M. ZWICKER has become 
project engineer at the Allison Division 
of General Motors Corp. in Indian- 
apolis, Ind. He had been connected 
with Wright Aeronautical Corp. 


FRED R. HILSON has become gen- 
eral manager of National Automotive 
Parts, Ltd., Toronto, Ont., Can. 


HOWARD F. DOLL recently became 
assistant to the plant manager at the 
Lamb Electric Co. in Kent, Ohio. 


WILLIAM L. ARMSTRONG has be- 
come sales manager at Ben Avon Motor 
Sales, Inc. in Pittsburgh, Pa. 


S. W. STEININGER has become de- 
sign engineer for Fairchild Engine & 
Airplane Corp., Oak Ridge, Tenn. He 
previously held a similar position with 
the Hercules Motors Corp., Canton, 
Ohio. 
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About 


RALPH R. TEETOR, president of 
Perfect Circle Corp., Hagerstown, Ind., 
has been chosen as a member of the 
Board of Trustees of Earlham College, 
Richmond, Ind. It is the first time in 
the 100 years of Earlhams’ existence 
that a man who was not a Quaker or 
Earlham alumnus was selected as a 
Trustee. 


DR. E. A. WATSON has been elected 
chairman of the Automobile Division 
of the Institution of Mechanical En- 
gineers for the session 1949-1950. He 
is associated with Joseph Lucas, Ltd., 
Birmingham, England, as_ technical 
director. 


JOE WALKER MORLEDGE is now 
an automotive engineer with the Gulf 
Oil Corp, in Houston, Tex. 


STEPHEN M. BATORI, well-known 
Seattle consulting engineer, recently 
announced the formation of Stephen 
Batori & Co., engineers and consult- 
ants, with offices at 200 James St., 
Seattle. Batori was formerly associ- 
ated with DeWitt C. Griffin & Asso- 
ciates. 


C. H. LINN has been appointed vice- 
president of the Union Petroleum Co. 
in Council Bluffs, Iowa. This com- 
pany is engaged in the manufacture 
and sales of lubricants at wholesale. 
Linn’s responsibility will be to head 
the sales and technical departments. 


GEORGE C. FOWLER is now service 
manager and shop foreman at the 
Westminster Auto Service Co., West- 
minster, S. C. 


KENNETH W. CUNNINGHAM, JR., 
is an industrial sales engineer for the 
Sun Oil Co. in Akron, Ohio. 


LESTER A. LANNING has been ap- 
pointed acting general purchasing 
agent at the New Departure Division 
of General Motors, Bristol, Conn. He 
has been affiliated with New Departure 
for 30 years. 


STANLEY L. COHEN is a draftsman 
at H. Sand & Co., Inc., New York City. 
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MANUEL PLOTKIN is a junior en- 
gineer for the Michigan Consolidated 
Gas Co. in Detroit, Mich. 


JOHN R. MORTON has become a 
laboratory engineer at Refrigeration 
Engineering, Inc., Los Angeles, Calif. 


ROY T. O’NEIL is now an engineer 
at Seattle Gas Co., Seattle, Wash. 


JOHN J. PRENDERGAST, JR., is a 
powerplant expediter for the Chase 
Aircraft Co. in West Trenton, N. J. 


JAMES C. BASH is now junior test 
engineer at Cummins Engine Co. in 
Columbus, Ind. 


WILLIAM GEORGE ESTER is now 
a process engineer in the Rochester 
Products Division of General Motors 
Corp., Rochester, N. Y. 





Members 


RUSSELL W. MEALS has become 








of ; : ‘ ‘ . 
d., rss roca ti er = a a JULES afl KOVACS has been elected vice-president 
he had been service manager for P. E. in charge of engineering of Purolator Products, Inc., 
ze, West Motors, Inc., Springfield, Ohio. Newark, N. J. He joined Purolator as a design engi- 
in neer in 1929 and was appointed chief engineer in 
ice ROLAND F. HORTON is now sales 1941. Kovacs is a member of SAE Committee A-6, 
or engineer for Midland Screw Corp., Chi- Aircraft Hydraulic and Pneumatic Equipment, and 
a cago. Prior to this he held a similar is active in other hydraulic standardization groups. 
position with Thompson-Bremer & Co., 
ed same city. 
ion : J. H. DOOLITTLE, vice-president of JOHN S. CONANT, right, is now president of 
n- 2 Shell Oil Co., New York City, has an- Technical Managers, Inc., New York City, JAMES 
He nounced a program to study perform- D. MOONEY, chairman, announced. The organi- 
id., ance of jet fuels and lubricants in zation provides industrial counsel and management 
cal actual flight operation, in the first jet- service in production, inventory and cost controls, 
* equipped research plane to be operated purchasing and materials supply methods, sales and 
OW : by any oil company. The plane was distribution, and market forecasting and analysis. 
ulf recently acquired from the Air Force Conant was formerly general purchasing agent, and, 
by Shell and is now in Oakland, Calif., later, director of procurement for Willys-Overland 
being fitted with analytical and record- Motors, Inc., Toledo, Ohio. 
we ing instruments. A B-26 type bomber 
wd equipped both with twin reciprocating 
ilt- ak pe gph 4 aoer gh RAY L. MORRISON has been elected to the newly- 
St.. cause of its experimental nature. created post of executive vice-president of the De- 
ci- Vilbiss Co. in Toledo, Ohio. He has been general 
s0- FRANCIS C. FLECK is now a drafts- manager of the Brake Division of Timken-Detroit 
man at the General Motors Truck & Axle Co., and previous to that was vice-president and 
ems Coach Division, Pontiac, Mich. general manager of Bendix-Westinghouse in Pitts- 
burgh and Elyria. 
Co. WALLACE A. CRISMORE is now 
om- manager of Mueller White Truck Co., 
jure . Inc., Huntington, W. Va. He was pre- 
ale. 4 viously a salesman for Mack Interna- 
ead ™ tional Motor Truck Corp., Pittsburgh, 
nts. E Pa 
) ' + 4 
vee F. F. MUSGRAVE is managing di- 
‘the * rector of Anglamol, Ltd., London, Eng- GEORGE T. CHRISTOPHER, who shelved his engi- 
est- y land. Anglamol is the British affili- neering degree to start at the bottom of the industry 
a ate of Lubrizol Corp., supplying the and who has been rresident of Packard Motor Car 
JR., € United Kingdom with Lubrizol addi- Co. since 1942, has resigned to make his second at- 
the ie tives as made in England. Musgrave tempt to become a farmer. He had been an execu- 
i) had been technical assistant to the tive of General Motors Divisions for 15 years when in 
& esident of Lubrizol Corp. in Cleve- 1934, as vice-president of manufacturing for Buick 
ap- < id he “retired” to farm. Seventy days later he was ap- 
sing 4 pointed vice-president of manufacturing for Pack- 
sion 5 JULES LOUIS DUSSOURD recently ard, and during World War II in charge of that com- 
He $ became an aerodynamicist for the Fort pany’s production of 56,000 Rolls-Royce aircraft 
‘ture Vorth Division of Consolidated Vultee engines and 13,000 high-speed marine engines for 
\ircraft Corp. He was previously an pT poats. His 750 acre farm is near Tipp City, Ohio. 
man tructor in mechanical engineering 
City. 2 t the College of the City of New York. tea Ne ae ee - 
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Board of Trusts. 


FRANK W. CALDWELL, 
right, receiving the 133rd 
John Scott Award for 
having pioneered the de- 
velopment of the con- 
trollable pitch propeller. 
The award is sponsored 
by the City of Philadel- 
phia as a result of a fund 
established in 1816 by 
the Scotch chemist, John 
Scott, the income of 
which was to be distri- 
buted among ingenious 
men and women who 
make useful inventions. 
Caldwell, director of re- 
search of United Aircraft 
Corp., won the Collier 
Trophy in 1933 and the 
Sylvanus A. Reed Award 
in 1935. Presenting the 
award, which was ac- 
companied by a cash 
award of $1000, is Presi- 


oun Frederic D. poner of the Philadelphia City Council, representing the City’s 


Dr. Merle M. Odgers, president of Girard College, where the 


award was presented, is looking on. 

















EMIL O. WIRTH, formerly chief engineer of Strom- 
berg Automotive and Light Aircraft Carburetors 
Department is on special assignment on the general 
manager’s staff of Bendix Products Division, South 
Bend, Ind. For the past year he was assigned to 
budget, cost and personnel control of the Automo- 
tive Division and has recently been transferred to 
perform similar duties in the Aircraft Division. He 
is past-chairman of the SAE Chicago Section and 
was active in establishing the South Bend Division 
in 1942. 


HARRY G. BOLTON has been appointed chief engi- 
neer of the Marvel-Schebler Carbureter Division of 
Borg-Warner Corp. in Flint, Mich. He has been 
associated with the Engineering Department of the 
division since 1928. In 1940 he was appointed as- 
sistant chief engineer. 


LLOYD WOLF has been appointed chief engineer 
in charge of the Twin Disc Clutch Co.’s Engineering 
Department at Racine, Wis. He joined Twin Disc 
in 1947 as chief development engineer. During the 
war, Wolf was chief engineer of Army Ground 
Forces, Board No. 2, Fort Knox, Ky., where he was 
primarily concerned with the development of hy- 
draulic power transmissions for the Army’s heavy 
tank program. 


CHARLES E. STEVENS, JR., is now plant manager 
of the Chicago Railway Equipment Co. in Chicago. 
He had been chief engineer of the Al-Fin Division 
of Fairchild Engine & Airplane Corp., Farmingdale, 
N. Y. The Chicago Railway Equipment Co. is a 
licensee of the Fairchild (Al-Fin process) and 
Stevens will continue the development program on 
bimetallic brake drums and pistons in his new posi- 
tion. He has presented two papers on this subject 
before the SAE. 
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GERALD von STROH, director. 
Mining Development Committee, Bi- 
tuminus Coal Research, Inc., adq- 
dressed the American Institute of 
Mining and Metallurgical Engineers, 
in Columbus, Ohio on Sept. 27. His 
paper, “The Analysis for a Continuous 
Mining Machine,” outlined, step by 
step, the procedure in developing a 
new piece of equipment. Also of par- 
ticular interest was an illustrated por- 
tion of the paper on historical back- 
ground of man’s attempt to improve 
his efficiency in mining. 


JESSE M. ROSEBERRY recently 
started his own business, Instruments 
Sales & Service, at 803 E. Burnside St. 
in Portland, Oreg. His wife is associ- 
ated with him as office manager. The 
company will service all makes of 
speedometers and tachometers and 
will specialize in special instruments. 
He also will give time to plant layout 
work with engineers having needs in 
the general field of instruments. Rose 
berry is field editor for the SAE 
Oregon Section. 


ROBERT D. HOLBROOK is an en- 
gineer at the Chrysler Corp. in High- 
land Park, Mich. 


LEONARD H. KEEVE, JR., recently 
became production engineer for the 
Western Electric Co. in Chicago, Ml. 


K. T. KELLER, president, Chrysler 
Corp.; ALFRED REEVES, advisory 
vice-president, AMA; HARVEY 5S. 
FIRESTONE, JR., chairman, Firestone 
Tire & Rubber Co.; and P. M. HELDT, 
author and publisher of automobile 
engineering developments, were among 
those who received Distinguished Serv- 
ice Citations at the Automobile Old 
Timers 10th Anniversary on Oct. 18. 
Keller was the principal speaker. 





THOMAS O. RICHARDS, head of the 
laboratory control department, Re- 
search Laboratories Division, General 
Motors Corp., was a member of the 
Selection Committee which chose the 
U. S. team of speed boats to compete 
in the 1949 British International 
Harmsworth Trophy event in the 
Detroit River 
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racK C. MAILLARD is now sales- 
man in the Used Car Department of 
Cadillac Motor Car Division, General 
Motors Corp., New York City. 


FRANK NIXON has been appointed 


chief sales and service engineer at 
Rolls-Royce, Ltd., and will be at their 
main works at Derby, England. 


DENOS A. DEMITRACK is a junior 
mechanical engineer for the Board of 
Transportation, New York City. 


Ww. SWALLOW, director and manager 
of the manufacturing staff, General 
Motors, Ltd., London, was recently ap- 
pointed to the Board of Directors of 
the company. 


HAROLD D. KELSEY has become 
staff assistant to the manager of the 
Turbine Division at General Electric 
Co., Schenectady, N. Y. 


LLOYD T. PETERSEN recently be- 
same service representative for Ford 
Motor Co. in Dearborn, Mich. 


ALEXANDER H. d@’ARCAMAL was 
honored recently by his associates with 
flowers and festivities on his 30th an- 
niversary with Pratt & Whitney Divi- 
sion, Niles-Bement-Pond Co. He is 
now vice-president and sales manager 
of the company’s Small Tool & Gage 
Division, and is one of the nation’s 
leading metallurgists. An SAE mem- 
ber since 1925, he has been active on 
various SAE technical committees. 


The Tool Engineering Handbook of the 
American Society of Tool Engineers 
has just been published by the Mc- 
Graw-Hill Book Co. This extensive 
reference of over 2000 pages covers 
tool design, fabrication, maintenance 
and utilization, product design, cost 
estimating, economical selection of 
machines, processes, and tools, and 
analysis and improvements of setups 
and operations. Among the 144 au- 
thors of the Handbook are the follow- 
ing SAE members: S. P. HALL, Design 
News; H. B. CHAMBERS, Atlas Steels, 
Ltd.; W. H. OLDACRE, D. A. Stuart 
Oil Co.; JOHN SASSO, Business Week; 
S. C. MASSARI, American Foundry- 
men’s Association; E. P. BLANCHARD, 
The Bullard Co.; W. F. ARDUSSI, 
Variety Machine and Stamping Co.; 
C. R. ALDEN, Ex-Cell-O Corp.; E. L. 
HEMINGWAY, consultant; G. O. 
HIERS, National Lead Co.; R. T. 
JONES, Handy & Harmon; E. BUCK- 
INGHAM, Massachusetts Institute of 
Technology; C. H. STANARD, Buick 
r Division, GMC; G. PALMGREN, 
SKF Industries, Inc.; W. E. THILL, 
Federal-Mogul Corp.; and P. F. ROSS- 
MANN, Symington-Gould Corp. 
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CHARLES H. WONDRIES, since 
1939 head of the National Accounts 
Division of the Studebaker Corp., 
has retired from the automobile 
business after a 24-year association 
with the company. GEORGE E. 
HAMMEL, until recently manager 
of Studebakers’ Chicago office of 
the National Accounts Division, 
has been appointed sales manager 
of the division, succeeding Wond- 
ries in the South Bend post. Wondries 





Hammel 


C. M. HEWITT is now vice-president RALPH E. WILLIAMS is a junior 
of Bradley University, Peoria, Il. He mechanical engineer for the City of 
was previously dean of the University. Detroit. 


RODERICK H. CLARKE, sales engineer and war- 
time lieutenant colonel who helped in developing 
the Jeep, has been named Autocar district manager 
in Los Angeles with supervision over the Southern 
California sales area. Upon leaving the Army in 
1946, Clarke joined the Autocar organization and 
surveyed the potential West Coast market for 
heavy-duty trucks. In 1947 he was transferred to 
their factory in Ardmore, Pa., as sales engineer. 


C. FAYETTE TAYLOR, professor of automotive 
engineering at M.I.T., recently returned from a 
lecture and inspection trip to Europe, sponsored by 
the American-Swiss Foundation for Scientific Ex- 
change. In Switzerland he lectured at the State 
Technical Institute, Zurich. He also lectured before 
the Society of Mechanical Engineers of Belgium in 
Brussels, and before a group of petroleum engineers 
in Delft, Holland. 


TED NAGLE has been appointed executive vice- 
president and director of sales and advertising for 
the Acme-Winter Corp., Buffalo, N. Y. He was 
formerly public relations executive in New York, 
Detroit, and Boston. 


E. RICHARD WALTER has been appointed mid- 
western sales representative of the Plastic Metals 
Division, National Radiator Co., Johnstown, Pa. He 
comes to Plastic Metals from Powdered Metal 
Products Corp., Chicago. 


EDWARD LATTA has returned to Redmond Co., 
Inc., Owosso, Mich., to join the engineering staff 
as a special project engineer. From 1939 to 1946, he 
served with Redmond, during the last year as chief 
engineer. He then became chief engineer of Univer- 
sal Electric Corp. in Owosso, where he has served 
until now. 
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ROBERT H. EATON has become a 
research associate at the University of 
Michigan, Ann Arbor. 


CHAUNCEY J. HAMLIN, JR., has 
resigned as project engineer on rocket 
powerplants to join the aerophysics 
laboratory of North American Aviation 
Co., Downey, Calif. 


JAMES G. BILLMEYER is a junior 
engineer for Bendix Products Division 
of Bendix Aviation Corp., South Bend, 
Ind. 


J. A. DURR, recently resigned as 
technical advisor to the general man- 
ager of the Albion Malleable Iron Co. 
of Albion, Mich., has joined the staff 
of the Erie Malleable Iron Co. Erie, Pa. 


DUANE E. MARQUIS is a junior 
engineer at Frank Wheatley Pump & 
Valve Manufacturers, Tulsa, Okla. 


JOSEPH A. BOOTHROYD, JR., has 
become project engineer in the Avia- 
tion Gas Turbine Division of Westing- 
house Electric Corp., Lester, Pa. 





WILSON P. GREEN, professor of 
mechanical engineering at the Illinois 
Institute of Technology, has designeg 
a double-walled engine noise test room 
where he can make accurate sound 
measurements to learn how to reduce 
engine noise by as much as 50%. Be- 
lieved to be the only such room in ex- 
istence, it is built on a four-in. plat- 
form of soft rubber and lined with a 
six-in. thickness of fireproof glass, 
Engines tested have ranged from a 
20-lb, one hp lawn mower to a 200,- 
000-lb, 2000 hp diesel. 





OBITUARIES 





JAMES M. SHOEMAKER 


James M. Shoemaker, who was the 
1947 vice-president of the Society for 
the Aircraft Powerplant Activity and 
chief engineer of Chance Vought Air- 
craft Division, United Aircraft Corp., 
died Sept. 28 in Dallas, Tex., after a 
long illness. He was 47. 

A graduate from Purdue University 
in 1925, he took his master’s degree at 
M.1.T. and joined Pratt & Whitney 
Aircraft in 1928, and helped to or- 
ganize the Engineers’ Aircraft Co. of 
Stamford, Conn. 

He had been with the NACA on wind 
tunnel projects, and spent a year 
lecturing in aeronautical engineering 
at the University of Southern Cali- 
fornia. 

He joined Chance Vought in 1934, 
became chief project engineer, and six 
years ago was appointed chief en- 
gineer. 


TOM HUBBARD 


Following a three months illness, 
Tom Hubbard, president of the Uni- 
versity of Wisconsin SAE Student 
branch, died Sept. 10. He was 21. 

He had been an honor student at 
the Milwaukee Shorewood high school 
where he was a Star athlete, and had 
earned a major W for football in his 
freshman year at the University in 
1945. 

He had been elected to several hon- 
orary scholastic societies. 


FRED W. HUBER 


Fred W. Huber died Aug. 26 in Buf- 
falo General Hospital after a long ill- 
ness. He was 47. 

After World War I he was with the 
U. S. Navy as submarine diesel en- 
gineer, and for two years was engineer 
on ocean vessels. His automotive ex- 
perience included fleet superintenden- 
cies. 

From 1935 to 1939 he was export 
service representative for White in 
South America, Asia, the Near East 
and Europe. At the time of his death 
he was field service engineer at White 
Motor Co., Cleveland. 


CHARLES B. WHITTELSEY 


Charles B. Whittelsey, who served 
12 years as the treasurer of the Society, 
died Oct. 16 in his home in Hartford, 
Conn. He was 80 years old. 

He began his carrer in the auto- 
motive industry in 1900 with the Hart- 
ford Rubber Works, became factory 
manager nine years later, was elected 
president in 1916 and served in that 
capacity for 11 years before the com- 
pany became a part of the Uinted 
States Rubber Co. He pioneered the 
first single tube tires for New York 
City’s electric buses, built the first solid 
tires for Mack, and equipped the famed 
Kitty Hawk plane of the Wright 
brothers with tires. 

His company introduced the Dunlop 
straight side tires in the early days of 
the industry. 

Whittelsey joined the SAE in 1910 
and went to work at once on wheel, 
axle and tire standards committees, 
and served as councilor for two two- 
year terms. 

In 1929 he was appointed executive 
vice-president of the Hartford Cham- 
ber of Commerce and 10 years later re- 
tired to become honorary vice-presi- 
dent of that organization. He had 
been president of the chamber for four 
years, and was a leader in bringing 
about the merger of the Chamber of 
Commerce, Board of Trade, and the 
Business Men’s Association. 


IRWIN LISS 


Irwin Liss, president and general 
manager of Liss Aircraft Products, 
Inc., Silver Creek, N. Y., died last June. 
He was 36. 

A Clevelander, he was a graduate of 
East Technical High School, and from 
1931 to 1935 became a factory site 
specialist with real estate firms there. 
The following two years he was with 
Tool & Die Products, Inc., working on 
tool designing, and layout work on dies, 
jigs, and fixtures. 

In 1939 he joined Thompson Aircraft 
Products Co. as a plant engineer and 
worked on tool design and manu- 
facturing methods. 


80 


ROBERT A. WEINHARDT 


Robert A. Weinhardt passed away on 
Sept. 26. One of the pioneer automo- 
tive engineers of the nation, who since 
August, 1947 had been in charge of all 
engine design, including the new 6-cy] 
engine at Willys-Overland Motors, Inc., 
was 66. 

Taking an early interest about the 
prospects of the automobile, he received 
his education at Armour Institute of 
Technology in Chicago. He became an 
automotive engineer consultant in that 
city and advised numerous automotive 
concerns in the early days of the in- 
dustry. 

Weinhardt designed the Desert 
Flyer, an early automobile of the late 
sports promoter, Tex Rickard. This 
was a 12-passenger car designed to 
carry mine prospectors across. the 
Nevada desert. The car had the first 
demountable disc wheels and pneu- 
matic ride controls which later de- 
veloped into the shock absorber. 

He had been chief engineer of the 
Henry Ford Motor Car Co.; assistant 
chief engineer of Continental Motors, 
Inc.; and during World War II was a 
production engineer for aircraft en- 
gines at the Packard Motor Car Co. 
and assisted in constructing engines 
for PT boats. 

As a Graham-Paige engineer after 
the war, he designed the chassis for 
Kaiser-Frazer automobiles and joined 
Willys in 1947 as automotive power- 
plant engineer. 


G. A. KRAUS 


A veteran sparkplug and automotive 
electrical equipment engineer, G. A. 
Kraus was killed in an automobile ac- 
cident, June 24, at the age of 60. 

He started his engineering career in 
1911 with the Jeffery Dewitt Co., De- 
troit, following three years in mechani- 
cal and electrical engineering at Michi- 
gan Agricultural College. 

In 1915 he joined Champion Spark 
Plug Co., Toledo, and moved to Chicago 
as sales engineer for that company. 
In 1922 he was appointed district sales 
manager for the central states. 
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Air Cargo Program 


Hotel Statler New York City 


Nov. 29, 1949 


(Part of the Annual Meeting of the American Society of Mechanical Engineers) 


Co-Sponsored by: American Society of Mechanical 
Engineers 


Institute of Aeronautical Sciences 
and 
Society of Automotive Engineers 


9:30 A.M. to 12:00 NOON—TECHNICAL PAPERS 
“Air Cargo Today—Here to Stay” 


2:15 P.M.—INSPECTION TRIP 
to Newark Airport—Foremost Commer- 
cial Air C T inal i h 
—Charles Froesch, Eastern Air Lines, Inc. ee mn the world 


8:15 P.M.—TECHNICAL PAPERS 
“What Should Be Done to Improve Cargo 


p- so “Experience and Future Requirements of 
ircra Military Air Cargo” 


—W. W. Davies, United Air Lines, Inc. —Major-Gen. William H. Tunner, Mili- 


tary Air Transport Services 
“Improvements Required in Air Cargo 
Ground Handling” “Planning the Air Cargo Terminal’”’ 


—R. Dixon Speas, American Airlines, Inc. —R. L. Hackney, Lockheed Aircraft Corp. 


—————— 12:30 P.M.—LUNCHEON — 


Speaker: Hugh L. Dryden 
Director of Aeronautical Research, NACA 


Display of Cargo Plane Models and Cargo Terminal on Exhibit in foyer of Keystone Room 
for entire week of ASME Meeting, Nov. 28-Dec. 2. 
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Solvent Extraction 
Led to Oil Additives 


®@ New England Section 
A. R. Okuro, Field Editor 


Oct. 11—Purpose of lubricating oil ad- 
ditives is to influence favorably the oil’s 
effect on engine performance and de- 
posit formation, W. A. Howe explained. 

Along in the middle 1930's, he said, 
oils produced by conventional refining 
methods failed to satisfy certain en- 
gines in certain types of service. They 
tended to form sludge. 

Solvent-extraction refining solved 
the sludge problem but increased the 
acid- and varnish-forming tendencies 
of oils. Bearing corrosion, piston seiz- 
ure, and ring sticking became serious 
problems. 

Additives were the solution that 
petroleum chemists and _ engineers 
found. Howe said. He is with the Gulf 
Oil Corp. 


War Born Bimetallic 
Process Ils Widening 


® Metropolitan Section 
John D. Waugh, Field Editor 


Oct. 4—Encouraged by the success of 
the steel aircraft engine cylinder barrel 
used during World War II, engineers 
have developed designs for cast-iron 
cylinder ring bands to aluminum pis- 
tons, bimetallic timing gears, alumi- 
num-steel bearings, bimetallic hous- 
ings, cast-iron brake drums with 
bonded aluminum fins for cooling, and 
stainless steel-aluminum cooking uten- 
sils, Charles E. Stevens, chief engineer 











of the Al-Fin Division, Fairchild En- 
gine & Airplane Corp., told the regular 
meeting of the Section this evening. 

In making the cylinder, a suitably 
cleaned ferrous liner is immersed in a 
bath of molten aluminum. When the 
liner has reached the temperature of 
the aluminum, it is chemically at- 
tacked by the light alloy and an alumi- 
num-rich alloy forms on the face. 

The cylinder is removed from the 
molten aluminum bath, placed in a 
mold, and the aluminum casting is 
poured about it. It is possible to save 
machining operations when fins of 
sufficient thinness are cast on cylinder 
barrels. An improvement of 50% in 
heat dissipation and decrease of 25% 
in weight have been achieved over all- 
steel construction. 

The bond is chemical or molecular, 
transfers heat from one metal to the 
other without loss at the interface, and 
also transmits stress. It is strong and 
runs up to Vickers 875 diamond Brinell 
hardness. Bond strengths have reached 
17,000 psi and shear 8000 psi on tests. 

Of widest automotive use to date 
are the bimetallic pistons where high 
resistance to wear and high tempera- 
ture operations of a cast-iron ring 
band is combined with the lightness of 
aluminum. 

Eighty percent of the wear on piston 
ring grooves is in the vicinity of the 
top ring. The cast iron band slows 
down wear, and the aluminum piston 
has a lower inertia factor than an all- 
ferrous piston. , 

There are, the speaker reported, 
several hundreds of such bonded bi- 
metallic pistons in use in this country 
ranging in size from 9 x 14 in. locomo- 
tive diesel engine pistons to 4x5 in. 
pistons for truck, tractor, and bus use. 

In one diesel engine installation, 
where the bimetallic piston is used, the 
200.000 mile mark has been reached 
whereas 25,000 miles had been the life 
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expectancy of the all-aluminum pis- 
tons heretofore used. 

Bonded aluminum bimetallic timing 
gears are in use by the thousands. 
They are comparable to run-of-pro- 
duction fiber gears for silence in oper- 
ation, and have at least three times the 
potential wear life and strength, he 
said. 

The bonded cast iron and aluminum 
brake drum is more similar to the 
cylinder barrel. Properly bonded by 
this process, the brake drum permits 
fade-free operation for the first time, 
and actually increased liner life by 12 
times. 


Omitting Top Ring 
Saves Oil, Breakage 


® Oregon Section 
Jesse M. Roseberry, Field Editor 


Sept. 27—The greater performance and 
economy of new engines, goal of auto- 
motive engineers to meet consumer 
demands, was brought out by SAE 
President Stanwood W. Sparrow, who 
presented “My Friend, The Engine” to 
a capacity audience. 

A lively discussion on piston ring 
wear and breakage disclosed the fact 
that new high compression engines 
having pistons without a ring in the 
top groove decreased oil consumption 
and ring breakage. 

Lt. Col. Marion E. Carl, a fighter 
pilot of the United States Marine Corps 
gave a brief talk on pilots’ experiences 
at sonic and supersonic speeds and 
their task of watching the increased 
number of instruments. 

Hollister Moore, of the SAE head- 
quarters staff, gave a short talk on sec- 
tion activities. 


SAE JOURNAL 








® British Columbia Section 
J. B. Tompkins, Field Editor 


Sept. 26—Largest turnout ever to at- 
tend a Vancouver SAE meet was on 
hand to hear SAE President Stanwood 
W. Sparrow. 

The Studebaker executive delivered 
an instructive and absorbing talk on 
the topic “My Friend the Engine”, 
af commenting on the local body’s 
eased stature, from Group to Sec- 

with the remark “from the num- 

ttending this meeting, I’d say the 
ation in status is overdue.” He 
nked members for their presenta- 
to him of a minature British 


in 
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On a whirlwind trip up the West Coast and down again, SAE President Stanwood Sparrow ap- 
peared on programs of seven SAE Sections and Groups—Spokane-Intermountain, Northwest, 
British Columbia, Oregon, Northern California, Fresno Division of Northern California, and San 


Diego—all between Sept. 22 and Oct. 3. Then he was on hand for the SAE West Coast 
Aeronautic Meeting in Los Angeles, Oct. 5-8. 


Here are pictures taken on the tour. . . . Northern California Section’s speakers table in- 
cluded (left to right) George Neely, Sparrow, Harry Taylor, Hollister Moore, and U. A. Patchett. 
. . . Sparrow saw Fishermen's Wharf in San Francisco with Northern California Section Chairman 
Harry Taylor. . . . Oregon Section Chairman Floyd Chapman arranged a motor trip to Bonneville 
Dam via the Oregon bank of the Columbia River. The party toured the dam area, inspected the 
power house, motored across the dam, then proceeded along the Washington bank to Vancouver 
and Portland. Photographed as they were admiring Multnomah Falls at Columbia River Gorge 
are (left to right) Chapman, Sparrow, E. A. Haas, Clarence Bear, and Henry Muessiz. Sparrow 
also saw Grand Coulee Dam with Spokane-Intermountain Section Chairman Louis Johnson. . . . 
Just before Sparrow talked to almost 200 at Northwest Section’s meetinz, he and Section Chair- 
man Paul Olson (center), enjoyed a word of advice from Hollister Moore. SAE Staff Man 

Moore accompanied Sparrow 
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Columbia Coastal Indian totem pole, 
hand carved by Indian craftsmen out 
of native north-coast slate. 

Chairman H. L. Hinchcliffe reas- 
sured local members that no discount 
would be made from their Canadian 
funds if used to pay SAE dues, despite 
the Dominion’s recent dollar devalua- 
tion. 

Sparrow told of the pride which 
factory engineers take in hitting exact- 
ing test-model specifications “squarely 
on the nose.” Machine-produced 
engines can’t duplicate such exacting 
tolerances, he explained, so that al- 
lowance must be made, when consider- 
ing the performance of test-models, 
for the tolerance range which will in- 
evitably be present in specimen produc- 
tion units. The President told his 
Vancouver listeners that the trick is 
to so design an engine that it will 
operate efficiently within the relative 
extremes of tolerances which machine- 
produced units will possess. 

There’s a knotty problem in the de- 
signing of almost any component part 
of an engine, however simple, said 
Sparrow, illustrating his point with the 
comment that even fans, if left to their 
own devices, would operate with annoy- 
ing growls, groans, or squeals. Design- 
ing the part is never the end of the 
story, he explained, saying that from 
there engineers moved on to the prob- 
lems of “bugs” and how to overcome 
them. 


Greenshields Tells 
How He Gets 150 MPG 


® Central. Illinois Section 
1. R. Lamport, Field Editor 


Oct. 5—A lesson in how to get 150 miles 
to a gallon of gasoline, taught by R. J. 
Greenshields, drew the largest and most 
enthusiastic crowd of this section’s 
history. It isn’t easy, they learned. 
As a hobby, engineers and chemists 


of the Wood River Research Labo- 
ratory of the Shell Oil Co. at Wood 
River, Il., work hard all year preparing 
their cars for the annual Mileage 
Marathon, explained Greenshields, di- 
rector of research for Shell at Wood 
River. 

Mileages in excess of 150 mpg have 
been obtained, he said, but only after 
a great deal of time and effort had been 
devoted to altering the vehicles and to 
developing a driving technique. 

Alterations to Greenshields’ car (a 
1947 Studebaker) included such things 
as removing nearly all rubber tread 
from oversize tires except a narrow 
smooth band about %%4-in. thick in the 
center of the tire, and running tires at 
110 psi tire pressure. A different rear 
axle ratio, SAE 10 oil in transmission 
and differential, removal of oil seals, 
removal of grease from wheel bearings, 
and lubricating with SAE 30 oil were 
other changes. Compression ratio was 
increased from 6.5:1 to 10:1. Medium 
cold plugs with a heavy-duty coil and a 
special wiring harness were also used. 
The fan, water pump, and generators 
were also disconnected. These altera- 
tions gave a maximum of about 54 
mpg at a constant road speed of about 
20 mph. 

The additional mileage necessary to 
increase the 54 mpg to 150 mpg was 
gained by development of a special 
driving technique. This consisted of 
accelerating at full throttle in top gear 
from 5 mph to about 20 mph. The 
engine was then stopped and the car 
allowed to coast down to a speed of 
5 mph, where the engine was restarted 
and the cycle repeated. 

The 1947 Studebaker which won the 
last contest had friction reduced to 
such a point, he said, that it could be 
pushed easily on a level highway by 
pressing on the car with one thumb. 

The present day automobile is a very 
good compromise for the best overall 
performance of the vehicle. Green- 


shields pointed out that greater econ- 
omy in every day driving may easily 
be obtained by the average motorist 
if he pays attention to a few details. 
These are good mechanical condition 





of the vehicle; proper adjustment of 
the carburetor, spark plugs, and dis- 
tributor; and proper lubrication; and 
what is most important, reduced driy- 
ing speeds. 

Technical chairman for the evening 
was J. M. Davies, director of research 
at Caterpillar Tractor Co. The new 
section chairman, Paul Benner, pre- 
sented last year’s section chairman. 
Russ Williams, with a certificate of ap- 
preciation in recognition of past service 
It was noted that among the guests 
were about 20 engineering students 
from Bradley University. Benner wel- 
comed them to this meeting and ex- 
tended an invitation to attend al 
subsequent meetings. 


Better Engine Design 
Must Lick Detonation 


® Philadelphia Sect 
G. B. Calkins, Field Editor 


Oct. 12—Important changes in auto- 
motive engines are imminent and de- 
sirable as well as economically feasible 
declared Alex Taub in his paper, “Me- 
chanical Octanes,” in which he ex- 
plored the potentialities of antidetona- 
tion design in internal-combustion 
engines. 

The fuel, he said, is already the best 
designed component of the powerplant 
Further major improvements in anti- 
knock quality cannot be expected be- 
cause of the cost involved. 

But higher compression ratios are a 
source of potential savings to the con- 
sumer in miles per gallon. To get them, 
detonation problems must be licked— 
not by waiting for a hypothetical super- 
fuel, but through improved engine 
design. 

Taub, an automotive engineer with 
over 20 years of experience, described 
several “broadminded” engines capable 
of using 70 octane number fuel up to 
11:1 compression ratio. 

These included slide-valve, rotating 





Shown at dinner preceding Canadian Section’s October meeting at Ancaster are (left to right) Norman G. 
Shidle, Section Chairman W. W. Taylor, Vice-Chairman Col. Malcolm P. Jolley, and Vice-Chairman D. C. 


Gaskin. 
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Shidle, SAE Journal’s executive editor, gave his observations on “Years and Years with Engineers” 
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tion chamber, and single-valve 
which, he indicated, have been 
- development for a number of 


er methods of saving fuel were 
‘iscussed, including the burning of 
r mixtures at part throttle, up to 
| air-fuel ratio. Mixture distribu- 
and spark plug location, as well as 
“burnability,” were named as 

ng factors in this undertaking. 
tn the discussion, it was pointed out 
that combustion shock at high com- 
pression ratios must be dealt with, even 
if knock is eliminated by fuel chemis- 
trv: hence, design improvements re- 


case. 

One approach to a purely engine- 
design solution, it was recalled, was a 
combustion chamber in which fuel and 
air were kept separate until ignition, 
thereby preventing formation of the 
offending end-gas. 


Expects Small Planes 
to Yield to Helicopter 


® Williamsport Section 
George Hoover, Field Editor 


Sept. 12—“Helicopters are definitely 
here to stay and have proved their 
worth to the Army and the Navy,” 
asserted F. N. Piasecki of the Piasecki 
Helicopter Corp. He further ventured 
the opinion that helicopters will soon 
supplant the short range conventional 
aircraft, especially among private 
owners 

Piasecki admitted, however, that 
there is much to be done by mechanical 
engineers to refine the design of trans- 
missions, clutches, and drive couplings. 
He said that helicopter fuselage design 
could be improved if powerplants de- 
signed specifically for helicopters were 
available, instead of the present con- 
ventional aircraft engine adaptations. 

Piasecki discussed his paper dealing 
with the history of the helicopter and 
its design problems. He showed two 
films, one dealing with the use of 
Piasecki helicopters replacing assault 
boats in marine beach landing maneu- 
vers and the other dealing with pre- 
liminary acceptance tests for the Navy 
Bureau of Aeronautics. The Section 
as very much surprised at the per- 
formance and maneuvers of these Pia- 

cki tandem rotor type helicopters. 

In discussion, blade icing was ad- 
mitted to be a serious problem. Con- 
entional aircraft wing deicing methods 

et the delicate balance of the lift 

i load characteristics of the rotor 

des. 

lelting the ice off the leading edge 

its in the water refreezing on the 
ling edge, and the rubber boot 
ethod destroys the blade section to 

1 an extent that the blades lose 
ir lift properties. Now being tried 
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You'll Be Interested to Know . . . 


AT THE 20TH ANNUAL SAFETY CONVENTION AND EXPOSITION 


in New York on March 28-31, 1950, Herbert Happersberg, Brockway 
Truck Co., will be the official SAE representative. 


SAE-NOMINATED DIRECTORS OF CRC for the two-year term 
beginning Jan. 1, 1950, will be R. D. Kelly, Arthur Nutt, E. N. Cole, 
and G. J. Huebner, Jr. (Cole and Huebner will be serving their first 
terms as SAE-nominated directors of the Coordinating Research 
Council.) Other SAE directors, whose terms still have one year to 
run, are C. E. Frudden, E. S. MacPherson, and R. L. Weider. 


INDIANA STATE TECHNICAL COLLEGE now has an SAE Student 
Branch. The Council made it official on Sept. 15. Faculty adviser 





Left to right: Warren D. Berkley, Dr. Ivan Planck, William McCormick, and College 
President Archie T. Keene 


for the new Branch is Dr. Ivan Planck, head of the Department of 
Mechanical Engineering, and William McCormick of Pittsburgh, 
Calif., is Student chairman. Representing the SAE Council, Warren 
C. Berkley, American Steel Dredge Co., presented the charter officially 





Admiring California State Polytechnic College’s new SAE Student Branch charter 

are (left to right) Tom Hardgrove, faculty adviser; Southern California Section 

Chairman Reagan Stunkel, who presented the charter; Alvin Gorenbein, Student 

Branch chairman; and Ed Rentz, manager, SAE West Coast office. Stunkel, presi- 

dent of Aviation Maintenance Corp., told the branch’s 68 enrollees that he prefers 
to hire engineers having practical as weil as theoretical training 


ENGINEERS working for N. V. de Bataafsche Petroleum Maat- 
schappij, Handelszaken, Batavia, Indonesia, are eager to get the 
SAE Journal in a hurry... . eager enough, that is, to pay 104 


U. S. dollars for air mail postage alone for the 12 issues, to be sure 
to get them half way around the world as fast as man’s ingenuity 
permits. Air mail stamps total nearly $9 an issue to make the 9621- 
mile run from Lancaster, Pa., where the Journal is printed. Non- 
member subscription is a mere $10 in the $114 total. 











="? ee7r ?.F* 








Proud occasion for new SAE Atlanta Group is presentation of charter by 
SAE Vice-President Max M. Roensch (left) to Past-Chairman Randolph 
Whitfield (right). Chairman John Rogers watches. Roensch conveyed a 
cordial welcome from Pres. Sparrow and the SAE Council to the new group 


is removal of ice in sections by high 
intermittent heat which only loosens 
the ice; thus there is no water to re- 
freeze. 

In appreciation of Al Creighton’s 
service as 1948-1949 Section chairman, 
a Certificate of Award was presented 
to him by Chairman Ingram before 
introducing the speaker. 


Fuel Ratings May Rise 
3 Octanes in 3 Years 


®@ Kansas City Section 
K. |. Holloway, Field Editor 


Oct. 11—The problems of engines, 
fuels, and lubricants are inseparable, 
Max M. Roensch, research coordinator 
for the Ethyl Corp. and SAE vice- 
president pointed out in discussing 
engine design for past, present, and 
future fuels. 

The petroleum engineer is striving 
for gasoline of (1) improved anti- 
knock quality, (2) proper volatility, 
(3) high purity, (4) satisfactory clean- 
liness, and (5) low cost, while the 
automotive engineer is striving for en- 
gines of (1) increased performance, 
(2) improved economy, (3) greater 
durability, (4) lighter weight, (5) less 
noise and vibration, and (6) low cost. 
The relation of these problems to each 
other necessitates coordination be- 
tween the petroleum and the automo- 
tive industries, Roensch said. 

One of the most important of the 
gradual changes in fuels, he continued, 
is the increase in anti-knock quality. 
The Motor Method octane number of 


regular gasoline has increased from 
approximately 60 in 1930 to 77 in 1949, 
and indications are that it will reach 
80 in 1952. The average premium 
grade gasoline has also shown an in- 
crease from approximately 70 in 1930 
to 81 in 1949, and it is estimated that 
it will be 84 by 1952. 

The compression ratio of the average 
automobile engine and the anti-knock 
quality of available fuels are closely 
related. The compression ratio of the 
average passenger car engine has 
gradually increased from 4.4 in 1925 
to 6.8 in 1949, thus demonstrating co- 
ordination between petroleum and 
automotive engineers. 

If engines progress along the lines 
of presently known designs, fuel of 
approximately 100 octane will be re- 
quired for engines of 11:1 compression 
ratio. 

Analysis of data available has shown 
that appreciable increase in fuel econ- 
omy can be obtained by increasing the 
compression ratio of passenger car en- 
gines. Roensch indicated that new en- 
gines designed for a compression ratio 
of 8.5:1 and upward may give as much 
as 28% more miles per gallon with no 
sacrifice in performance. 

With regard to truck and bus en- 
gines, data have revealed that a 
noticeable increase in horsepower may 
be obtained by increasing the com- 
pression ratio. However, data have 
also indicated that the gain in output 
which may be obtained by super- 
charging is many times that obtained 
from increasing the compression ratio. 
In this regard, Roensch indicated that 
an important point to note is that 
there is no appreciable change in brake 
specific fuel consumption with the 
higher horsepower obtained by super- 
charging. 

Experience has shown that when en- 
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gine output is increased either by in- 
creasing the compression ratio or the 
volumetric efficiency (supercharging), 
modifications to the engine are usually 
necessary to maintain durability at 
the previous level. 

Difficulties are encountered with pis. 
tons, rings, valves, engine cooling, ang 
preignition, as a result of increased 
output. Design changes are necessary 
to eliminate these difficulties. 


Antarctic Expedition 
Described at Hawaii 


® Hawaii Section 
Rene Guillou, Field Editor 


Sept. 19—Although a _ diesel-electric 
“snow cruiser’ failed the U. S. Antare- 
tic Service Expedition of 1939-1941, 
an ancient Condor airplane saved the 
explorers, Hawaii’s automotive engi- 
neers were gratified to learn from 
Richard B. Black and his movies of 
the expedition. 

Black was in command of the East 
Base of the expedition, directly south 
of Cape Horn, and is now first assistant 
director of the Hawaii Aeronautics 
Commission. 

The members found cold blue water, 
white icebergs, drifting snow, and 
sledge dogs a striking contrast to their 
own tropical paradise. On the pro- 
fessional side, Block described the 
pioneer work of the Expedition in 
operation of automotive equipment 
under antarctic conditions. A tractor 
was operated successfully at -77F. 
Dogs and men worked at -55F, although 
internal forstbite was considered a 
serious hazard at temperatures below 
-45F. 

Unloading and early progress of a 
huge diesel-electric ‘“‘snow-cruiser’” was 
shown in the movies. Designed to 
carry fuel and supplies for itself and 
crew for a 1500-mile cruising range, 
this device was provided with indi- 
vidual electric motors in each of its 
four wheels, and was expected to travel 
over lightly packed snow on low-pres- 
sure pneumatic tires. 

The antarctic icecap provided in- 
sufficient flotation and the cruiser was 
finally abandoned four miles from the 
landing place. Dog teams proved most 
successful for surface exploration. 

The one plane at the East Base, a 
10-year old Condor with low landing 
and take-off speeds, was repeatedly 
damaged by treacherous surface con- 
ditions and each time repaired. 

It was used for reconnaissance of 
much previously unknown territory and 
finally transported the entire personnel 
of the base to an embarkation point 
and safety in the antarctic fall of 1941, 
after their original landing place had 
been blocked throughout the summer 
by unusual ice conditions. 


Turn to p. 92 
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New Spring Reports Cover 
Hot and Cold Coiled Types 


WO new reports on helical coil springs, developed 

by the SAE Spring Committee, recently were ap- 
proved by the SAE Technical Board for Publication 
in the 1950 SAE Handbook. 

Adopted as SAE Recommended Practices, these 
reports are “Helical Hot Coiled Compression 
Springs for General Automotive Use” and “Helical 
Cold Coiled Compression and Extension Springs 
for General Automotive Use.” 

Both recommended practices furnish a system of 
dimensional tolerances which inform the user of 
practical manufacturing limits. The reports point 
out that closer tolerances are obtainable where ac- 
curacy is required and increased cost justified 
(valve springs, for example), and that springs can 
be made cheaper by omitting some tolerances. 

The report on hot-coiled springs covers those 
made from round steel bars % in. in diameter or 
larger. Ends of such springs are closed and 
squared, the bar ends usually being forged or taper 
rolled. Also included is a list of definitions for 
terms such as solid height, free height, loaded 
os es. ae ns height, and nominal solid load. Helical springs for 
OR, RO testor 9 motor vehicle suspensions are not included in this 

ola Weider report since they are covered by an earlier SAE 
eM GaN! a Recommended Practice, Design and Application of 
a 9D. K, Wilson o Helical and Spiral Springs. 

W.H. Graves V.C. Young 4 The new recommended practice on cold coiled 
ae . ares ; : springs covers those made from round steel wire 

A; G. Herreshoft be H. T. Toungtens ee 3g in. in diameter or smaller. 
: Members of the SAE Spring Committee, of which 
R. R. Teetor, Perfect Circle Co. is Technical Board 
Sponsor, are: Tore Franzen, chairman, Chrysler 
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Corp.; H. H. Clark, vice-chairman, 
Spring Division, Eaton Mfg. Co.; P. E. 
Eckberg, American-Fort Pitt Spring 
Division, H. K. Porter Co.: H. J. Elmen- 
dorf, American Steel & Wire Co.; J. R. 
Gustafson, Ford Motor Co.; N. E. 
Hendrickson, consulting engineer; H. 
C. Keysor, American Steel Foundries; 
R. M. Neff, Chevrolet Motor Division, 
GMC; George Nelson, L. A. Young 
Spring & Wire Corp.; E. G. Peckham, 
Buick Motor Division, GMC; Robert 
Schilling, Research Laboratories Divi- 
sion, GMC; Bernhard Sterne, Chrysler 
Corp.; A. M. Wahl, Westinghouse Elec- 
tric Corp.; T. R. Weber, Railway Steel- 
Spring Division, American Locomotive 
Co.; and F. P. Zimmerli, Barnes-Gib- 
son-Raymond Division, Associated 
Spring Corp. Dr. R. Genders, Coil 
Spring Research Organization, Eng- 
land, is a consultant member of the 
Committee. 





CRC Releases 
Eleven Reports 


HE following Coordinating Research Council reports have been released for 
distribution and are available from SAE Special Publications Department, 29 


West 39th Street, New York 18, N. Y. 


(This is a complete list of CRC reports 


released since publication of the listing of CRC reports on p. 26 of the March 


1949, SAE Journal.) 


LUBRICANTS 
Engine Oil, Motor 


CRC-231—A Study of Low Tempera- 
ture Characteristics of U. S. Army 
Heavy-Duty Oils (9/7/48) Price: $1.50 
te SAE members; $3.00 to nonmembers 








Technishorts . . . 


HYDRAULIC CONTROLS: Requirements for fittings, attachment flanges, 
and drives for hydraulic systems on earthmoving machines are being estab- 
lished by the Hydraulic Power Control Subcommittee of the SAE Con- 
struction and Industrial Machinery Technical Committee. Headed up by 
E. C. Iverson, J. D. Adams Mfg. Co., this group is studying the relationship 
between the needs of their machines and AN and SAE standards and Joint 
Industry Conference tube fitting specifications. 


V-BELTS: To the SAE Standard on V-Belts and Pulleys has been added a 
new size with a nominal top width of 0.380 in. It is intended primarily for 
automotive applications, such as fan, generator, and pump drives. This 
new standard size for v-belts and pulley grooves was developed by the 
SAE-ASTM Technical Committee A on Automotive Rubber, recommended 
for adoption as an SAE Standard by the SAE Engine Technical Committee, 
and approved as such by the SAE Technical Board. 


PUNCH AND DIE SETS: A proposed American Standard for Punch and 
Die Sets recently has been approved by SAE, one of four sponsors of ASA 
Sectional Committee B5, which develop this proposed standard. The other 
sponsors are ASME, National Machine Tool Builders’ Association, and 
Metal Cutting Tool Institute. If and when the proposal receives approval 
of all four sponsors, it will be transmitted to the American Standards As- 
sociation for final approval and identification as an American Standard. 
The proposed standard covers the design and dimensions for two-post, 
punch press tool die sets. Types and range of sizes included, notes the 
Committee, have been carefully selected with a view to meeting the largest 
volume of present user needs, and, therefore, may be manufactured on a 
continuous production basis. 


HELICOPTER PERFORMANCE: SAE Aeronautical Information Report 
No. 27, Formulas for Determining Preliminary Performance Characteristics 
of the Helicopter, recently was issued. Prepared by the SAE Helicopter 
Committee, the report contains simple formulas for preliminary or ap- 
proximate performance calculations. The Committee feels the time is not 
yet ripe to standardize helicopter performance calculations. It points to 
airplane performance history, in which complicated methods yielded to 
simple semi-rational and semi-empirical formulas and procedures, and 
hopes that helicopter performance determinations will follow a similar 
pattern. 
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MOTOR FUELS 
Detonation 


CRC-232—Rating Small Samples of 
Motor Gasolines (5/21/48) Price: $1.00 
to SAE members; $2.00 to nonmembers 


LUBRICANTS 
Engine Oil, Aviation 


CRC-233—Ring-Sticking Tendencies of 
Aviation Engine Lubricating Oils 
(11/23/48) Price: $1.00 to SAE mem- 
bers; $2.00 to nonmembers 


MOTOR AND AVIATION FUELS 
Volatility 


CRC-234—Application of Equilibrium 
Air Distillation to Gasoline Volatility 
Performance Calculations (9/48) Price 
$.75 to SAE members; $1.50 to non- 
members 


AVIATION FUELS 


CRC-235—Symposium on Aviation Re- 
ciprocating Engines and their Fuels 
(9/10/48) Price: $1.50 to SAE mem- 
bers; $3.00 to nonmembers 


MOTOR FUELS 
Detonation 


CRC-236—Octane Number Require- 
ment Survey, 1948 (revised 2/10/49 
Price: $2.00 to SAE members; $4.00 t« 
nonmembers 


Volatility 


CRC-237—Vapor Lock Tests, 1948 
(1/11/49); (revised 2/15/49) Price 
$1.00 to SAE members; $2.00 to non 
members 


DIESEL FUELS 


CRC-238—The Use of the CRC-Photo- 
volt Smokemeter in Measuring Smoke 
from Diesel Engines (4/18/48) Price 
$.50 to SAE members: $1.00 to non- 
members 


AVIATION FUELS 
Gasoline Additives 
CRC-239—Second Supplement to t! 
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4 Desert Storage Tests on Aviation 
-olines with and without CS—18-24 
1S storage data— (1/11/49); 
nd supplement to CRC-21) Price: 


$1 ) to SAE members; $2.00 to non- 
n ers 

; | MOTOR FUELS 

: Volatility 


CRC-240—Review of Vapor Lock Road 


of a 


: ff Report Experience 
s — With CRC Smokemeter 


ae EST methods of installing and op- 

4 erating the CRC-Photovolt Smoke- 

4 meter, evolved by owners of the 

of 3 instrument, are summarized in the re- 

ls 4 port “Use of the CRC-Photovolt 

1- = Smokemeter in Measuring Smoke from 

% Diesel Engines,” recently released by 

the Coordinating Research Council, 

q Inc. The Full-Scale Procedure and 

ioe, Instrumentation Group of the Diesel 
Fuels Division prepared the report. 

Information about exhaust flow 


m ‘a characteristics and design variables 
ty which affect them, given in the report, 
e are said to be important in getting best 
n- results in the varied applications in 


& which the Smokemeter may be used. 
ig (See Fig. 1 for description of the de- 
vice.) 

For example, experience has shown 
e- ct that particular attention must be paid 








Tests, Indio, California, 1946 (3/1/49); 


(Supplement to CRC-223) Price: $1.00 
to SAE members; $2.00 to nonmembers 


AVIATION FUELS 
Detonation 


CRC-241—Method for Expressing Avi- 
ation Fuel Antiknock Ratings (4/18/ 
49) Price: $2.00 to SAE members; $4.00 
to nonmembers 


naust pipe to get a representative ex- 
haust sample. Breathing of the ex- 
haust line between exhaust impluses 
and complexity of gas flow through an 
exhaust pipe are said to be troublesome 
factors in this respect. Also given are 
ways of eliminating condensate and 
soot in the sampling line. 

A detailed step-by-step procedure 
for measuring diesel engine smoke with 
the Smokemeter, in the report, explains 
two ways of taking measurments—con- 
tinuous sampling and batch sampling. 

While choice of method depends on 
the installation and the type of test, 
the continuous technique is said to be 
almost mandatory for cases where en- 
gine exhaust conditions change rapidly, 
as during acceleration. This method 
may give slightly higher smoke density 
readings because of the greater tur- 
bulence within the Smokemeter tube. 

Instructions for care and main- 
tenance of the Smokemeter also are 
given in this report. 

The report, CRC-238, has six 8% 





Price: 50¢ to SAE members, $1.00 to 
nonmembers. It is available from the 
SAE Special Publications Department, 
29 West 39th St., New York 18, N. Y. 


CRC Group Evolves 
Ring-Sticking Test 


A research method for evaluating ring- 
Sticking characteristics of aviation 
engine oils is disclosed in a report re- 
cently issued by the Coordinating Re- 
search Council. This test procedure 
was developed by the Cooperative Oil 
Test Engine Group Working on Avia- 
tion Projects, of the CLR Engine Oil 
Division. 

In this method, “Research Technique 
for the Evaluation of Ring-Sticking 
Tendencies of Aviation Engine Lubri- 
cating Oil (CRC Designation L-30),” 
oils are evaluated by comparing the 
length of time required for actual ring 
sticking to occur, when the engine is 
operated under the test conditions. 
Ring sticking is indicated by an in- 
crease of temperature of the cylinder 
liner, measured near the top of ring 
travel. 

The report states that equipment re- 
quired for running this test includes a 
single-cylinder, spark-ignition internal 
combustion engine with a dual spark- 
plug type head (CRC Designation EL- 
30), together with suitable accessory 
equipment. Instruments and acces- 
sories required include a blowby meter 
and thermocouples. 
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In operation, the light intensity is adjusted to give full scale deflection (zero smoke) on the microammeter when the tube is free of 
s smoke. Upon introduction of the exhaust sample into the tube, the meter deflection drops off in proportion to the smoke density, but 
; One hundred percent smoke is arbitrarily defined as that amount of smoke which will just ex 
tinguish all the light inpinging on the photocell; in this case the meter deflection is zero 
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sure temperature of the following: 
cylinder-liner wall at both top and 
bottom of ring travel, intake air, spark 
plug, oil, exhaust gas, jacket coolant, 
and jacket outlet. The report also 
spells out conditions of test engine 
operation, inspection and maintenance 
of apparatus, and surface preparation 
of cylinder, piston, and rings. 

Also detailed in the report are results 
of nine tests, conducted in accordance 
with the procedure CRC Designation 
L-30, at Wright Field and those from 
14 tests conducted at the Research & 
Development Laboratories of the Pure 
Oil Co. 

The Wright Field tests, notes the re- 
port, showed that ring sticking nor- 
mally occurs in the antithrust face area 
of the piston. It seemed logical that a 
liner thermocouple located in this area 
would indicate more accurately the 
time at which ring sticking occurred 
than was possible by placing the ther- 
mocouple in a previouly selected loca- 
tion. Pure Oil Co. tests substantiate 
this theory. 

This method of indicating ring stick- 
ing—by means of a rise in top-liner 
temperature, measured by thermo- 
couples at the top of the cylinder over 
the rear main bearing and at the 
center of the antithrust face—has 
proved to be sufficiently sensitive, ac- 
curate, and dependable, the report con- 
cludes. 

The report, CRC-232, has twenty- 
eight 842 x 1l-in. pages, including four 
tables. Price: $1.00 to SAE members, 
$2.00 to nonmembers. It is available 
from the SAE Special Publications De- 
partment, 29 West 39th St., New York 
18, N. Y. 


New CRC Procedure 
Measures Vapor Lock 


technique for determining vapor 

lock in passenger cars, based on tests 
peformed in California, is presented in 
the report “Vapor Lock Tests—1948,” 
recently issued by the Coordinating 
Research Council. It was developed by 
the Equipment Survey Group of the 
CFR Motor Fuels Division. 

Called the “Tentative Parking Lot 
Survey Test Technique for Determina- 
tion of Vapor Lock in Passenger Cars,” 


this test procedure is considered a good, 


usable guide for getting reproducible 
test data. This method, with a few 
modifications outlined in the report, 
will permit procurement of vapor lock 
data on a uniform basis, the report 
notes. 

A summary of the results obtained 
in the West Coast survey is given in the 
report. Fifteen cars, representing nine 
different makes and models’ were 


tested. Although the limited number 


of vehicles are not considered to pro- 


vide conclusive data, inspection of the | 
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results indicates a remarkable degree 
of reproducibility on the same vehicle, 
even in tests conducted at widely dif- 
ferent atmospheric temperatures. and 
good agreemerit among various vehicles 
of the same make and model. 

The report describes the test tech- 
nique and discusses it, and analyzes 
data obtained from the California 
tests. Representatives of the following 
companies participated in the Pacific 
Coast vapor lock tests: California Re- 
search Corp., Ethyl Corp., General 
Petroleum Corp., Richfield Oil Corp., 
Shell Development Co., Union Oil Co., 
and Tide Water Associated Oil Co. 

The report, CRC-237, has twenty 
seven 8% x 11-in. pages, including two 
tables, six charts, and one drawing. 
Price: $1.00 to SAE members, $2.00 to 
nonmembers. It is available from the 
SAE Special Publications Department, 
29 West 39th St., New York 18, N. Y. 


CRC Report Bares 
Engine-Fuel Issues 


ROCEEDINGS recently were released 

on the Symposium on Aviation Re- 
ciprocating Engines and Their Fuels, 
held in Cleveland last year, under 
sponsorship of the CFR Aviation Fuels 
Division, of the Coordinating Research 
Council. Included in this report are 








seven complete papers, discussions of | 


them, and policy statements from rep- 


resentatives of the military services on | 


the piston engine’s future. 
The papers published in this report 
cover knock test technique, volatility, 


preignition, tetraethyl lead deposits, 


and fuel stability. 


In his paper “Knock Testing of | 


Fuels,” E. F. Miller, Socony-Vacuum 
Laboratories, reports on the develop- 
ment of the F-21 technique, for evalu- 
ating aviation fuels under rich and 
lean conditions at various intake air 
temperatures. He also compares it 
with F-3 and F-4 methods. 

A. L. Beall, Wright Aeronautical 
Corp., reports on the elementary effects 


of volatility, covering the pros and cons | 


of adding heat for, and extending the 
time of, vaporization. He raises the 


question of whether to use more | 


volatile fuels, and will these fuels boost 


range and “reliability of aircraft | 


powered by piston engines. 

The third paper, “Preignition from 
Combustion Chamber Deposits,” by A. 
Hundere, California Research Corp., 
reports on tests in a single-cylinder 
engine to study the preignition charac- 
teristics of combustion chamber de- 
posits. Hundere shows that lead de- 
posits are incapable of supporting 
Preignition advanced enough to pro- 

ice harmful effects. He concludes 
that certain fuel and oil constitutents 


NOVEMBER, 1949 








A big advantage of 





$.S.WHITE FLEXIBLE SHAFTS 


Just what is placeability? A glance at the illustrations 
above gives the answer. ‘Those flexible shafts, as 
drives and controls, permit the various accessories to 
he placed wherever desired—give them placeability 
‘Lhis is a big advantage because it eliminates the usual 
problems of location and simplifies design. 

What’s more, S.S.White flexible shafts provide 
this placeability in the simplest possible manner—a 
single mechanical element that can be readily installed 
between any two points in a motor vehicle. 

Think of S.S.White flexible shafts next time you 
are faced with the problem of how and where to locate 
accessories. Chances are they'll give you the place- 
ability you need. 
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FREE FLEXIBLE SHAFT HANDBOOK 


It contains full information on flexible shaft 
selection and application. Copy sent free if 
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can promote destructive preignition. 

The question of lead deposits is dis- 
cussed in detail in the paper “Fuel 
Quality as a Restriction to Aircraft 
Utilization.” by E. A. Droegemueller, 
Pratt & Whitney Aircraft. Complexi- 
ties of the lead fouling problem as well 
as recommendations for overcoming it 
are spelled out here by Droegemueller. 

The last three papers included in the 
symposium report cover fuel stability, 
with D. H. Moreton, Douglas Aircraft 
Co., Inc., reporting on “Color Stability,” 
W. E. Kuhn; The Texas, Co., on “In- 
duction System Deposits in Aircraft 
Engines,’ and J. S. Bogen, on “Lab- 
oratory Tests on Aircraft Induction 
System Deposits As Conducted by the 
Universal Oil Products Co.” 

Comments from military personnel, 
noted in the report, indicate that the 
reciprocating engine is still vital to 
national security. They emphasize the 
urgency of improving existing fuels and 
engines to get greater power and reli- 
ability and to decrease specific fuel 
consumption. 

The report, CRC-235, has ninety- 
nine 8'%2x1l-in. pages, including 40 
pages of illustrations and charts and 
one table. Price: $1.50 to members, 
$3.00 to nonmembers. It is available 
from SAE Special Publications Depart- 
ment, 29 West 39th St., New York 18, 
i A 
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Light Plane Performs 
Almost Like Helicopter 


® Southern New England Section 


L. H. Frese, Ass't. Field Editor 


Oct. 5—For light personal airplanes 
to be practical, Prof. O. C. Koppen is 
convinced they must fulfill two basic 
requirements: 

1. They must be capable of being 
stored at the owner’s home. 

2. They must be useful for his com- 
muting to and from work. 

The helicopter comes closest to meet- 
ing these problems, but Koppen, who 
lectures on airplane design at M. I. T., 
is convinced that 80% of helicopter 
performance can be developed into a 
fixed wing type of aircraft. He is 
proceeding to demonstrate it with his 
K-B Helioplane. 

The design specifications set up for 
the Helioplane required that it was to 
operate from a strip having a 200-ft 


Harvesting onions and other vegetables mechanically is a NEW idea for a NEW moa- 
chine . . . The Dilts-Wetzel (Ithaca, Mich.) Vegetable Harvester, powered by TWO 


Wisconsin Heavy-Duty Air-Cooled Engines 
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. « . one driving the unit . 


. the other 


Peak efficiency and flexibility are always delivered, because the harvesting engine 
operates at uniform speed, regardless of the forward travel speed, and it shuts down 


entirely when moving to new locations. 


Furthermore, TWO Wisconsin Engines weigh 


less, cost less, use less fuel, and have lower part replacement costs than one large 


engine of comparable total horsepower. 


Perhaps this offers an idea that can be advantageously applied to your equipment — 
for greater power, flexibility, efficiency, and economy. Your investigation is invited. 


2 to 30 hp., single-cylinder, two-cylinder, and V-type four-cylinder models. 


AS sO WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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length of usable surface and to be able 
to clear a 50-ft high obstacle placed 
at each end of a 600-ft strip. Koppen 
stated that to accomplish this, he 
knew it would be necessary to: (1 
double the propeller thrust of a con- 
ventional light plane; (2) double the 
maximum lift coefficient; and (3 
doulsle the stalling angle of attack. 

That the inventor of the Helioplane 
was successful in achieving his goa] 
is evident in the performance of the 
K-B ship, which will take off or land 
fully loaded in still or gusty air, in less 
than 100 ft and will clear a 50-ft ob- 
stacle in less than 300 ft. It lands at 
20 to 30 mph ground speed. Three de- 
velopments in wing construction plus 
the use of a large diameter slow-speed 
V-belt driven propeller, and a specially 
constructed undercarriage are responsi- 
ble for the startling performance of 
the Helioplane. The trailing edge of 
the wing has full-span pilot-actuated 
slotted flaps. On the leading edge is an 
ingenious automatically operated slat 
which is free to slide in or out parallel 
to the edge of the wing and which 
positions itself automatically. Built 
into the top surface of the wing and tc 
the rear, is a pilot-actuated spoiler for 
yaw compensation. Otherwise _ the 
plane is aerodynamically similar to a 
conventional plane and has the cruis- 
ing characteristics of a conventional 
plane. 

An engine cooling problem which 
arose due to the low takeoff and land- 
ing speeds was overcome by the ad- 
dition of an ejector tube to the exhaust 
system—an idea borrowed, Koppen 
stated, from the steam locomotives 
which have made use of it since 1825 

The relatively slow speed propeller 
1200 rpm, reduces the noise level tc 
that of an average automobile on the 
highway, an important factor since the 
plane is intended for use in residentia! 
areas. 

Movies of repeated takeoffs and land- 
ings of the Helioplane had the audi- 
ence, which contained many owners 
of light planes, gasping at the rate 
of climb in takeoff and the short 
distance in which the plane came to a 
stop at landing. The plane’s angle of 
attack is 16 deg and its path angle at 
takeoff is 24 deg, making an angle of 
40 deg with the ground at takeoff 
There is no lifting of the tail until the 
nose is a good 5 ft from the ground 
so marked is the rate of climb. 


Chrome Plating Called 
Boon to Piston Rings 


ew 


liamsport S 


yeorge Hoover, Field Ed 


Oct. 3—The chrome plating of piston 
rings, a wartime development, is the 
greatest single improvement in the 
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eption of the ideal piston ring in 
d to long ring life, reduced bore 

elimination of scuffing, and low 
ynsumption, in many years, stated 
\rthur M. Brenneke, chief engineer of 


‘he manufacturers division, Perfect 


le Corp. 
is the only type of ring available 
t will operate satisfactorily in bores 


ais 


th the exception of chrome plated 


bores, which are not compatible, he 


ntinued. While further improve- 
ments in rings will be made, it is not 
likely they will be as startling as 
‘hrome plated rings. 

Chrome plated rings were originally 
ieveloped for aircraft engines, but the 
,utomotive industry has become aware 
yf their advantages and is increasingly 
converting to their use. Chrome plat- 
ing decreases the cylinder and ring 
wear rate by a nominal 80%. 

Robert Jackson, also of Perfect Cir- 
‘le, presented a color film depicting the 
complete processing required for 
*hrome rings from the raw material 
state to assembly in automotive units. 


CAA More a Service 
Than a Police Agency 

® Metropolitan Sect 
Field Edit 


ohn D. Waugh 
Sept. 15—The Civil Aeronautics Ad- 
ministration was typified as chiefly 
a service organization to the aircraft 
industry and not a “police” body by 
Herbert M. Toomey at the 1949-50 
season-opening session. 

Toomey, who is chief, Aircraft Di- 
vision, First Region, CAA, presented a 
comprehensive outline of the organi- 
zation and operation of the CAA and 
its administration of regulations and 
dissemination of information. The 
CAA was characterized as the ex- 
ecutive branch of aviation govern- 
ment with approximately 14,000 em- 
ployees and a 1950 budget of over 200 
million dollars. 

The CAA in 1948 distributed more 
than eight million items of aviation in- 
lormation and provided numerous aids 
to aviation manufacturers, airlines, and 
jilots, through ten national and ter- 
‘itorial regions, according to Toomey. 
The CAA’s educational role was de- 
scribed as an effort to “help and en- 

urage schools to introduce aeronau- 

cal studies in all grade levels.” A 
‘urrent CAA-college project is the de- 

elopment, at Texas A & M, of a fixed- 
ving “industrial” aircraft to be de- 
igned specifically for industrial work- 
$ conditions, such as dusting. 

A principal activity of the CAA is to 
naintain air safety, the speaker 

tressed. The organization builds and 
naintains the Federal Airways for air- 
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lines and private flying. It develops 
navigational aids, such as the omni- 
directional range, advises on the design 
and construction of airports, and ad- 
ministers the certification of pilots, 
airplanes, mechanics, and air training 
schools. 


Airframes, engines, propellers, and 


associated equipment are all thoroughly 
tested by the CAA, and advice on de- 
sign is tendered where needed. Vibra- 
tion, a major area of aircraft engi- 
neering investigation, is surveyed in all 
aircraft 


major components. Small 








CADILLAC 





manufacturers, without the means to 
conduct intensive vibration work, are 
assisted considerably. Other safety 
problems, such as windshield “bird- 
proofing,” fire protection, fuel and lu- 
bricant development, and a host of 
others are continually under study and 
progress. 

Toomey sugested that the proposal 
to place a transport plane in scheduled 
cargo service for 9 to 12 months prior 
to carrying passengers is noteworthy 
and would help uncover inherent 
“bugs.” ; 
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AUTOMOTIVE ELECTRICAL 
EQUIPMENT SERVES ON 
AMERICA’S LEADING CARS 
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At all times the CAA assists the 
manufactu-er and aircraft operator 
when difficulties do arise. A highly in- 
tegrated information exchange system 
informs all CAA offices of what to ex- 
pect in the way of malfunctioning of 
specific equipment, and every effort is 
made to head off trouble before it is 
repeated. 

Toomey related the considerable in- 
terest of the CAA in the development 
and use of helicopters. He stated that 
his organization had taken an early 
interest in this, field of aeronautical 
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progress and had accumulated wide and 
varied experience in its design and 
operational activity. Vibration diffi- 
culties and fatigue life problems were 
under active study, and certification 
data were being accumulated steadily. 
Toomey concluded with the advice that 
the CAA was guided by a spirit of sug- 
gestion and cooperation and that no 
“shackles” of regulation will be applied 
to aviation other than “those which 
the industry itself feels unable to as- 
sume.” 

Allen Dallas, of the Air Transport 
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Association of America, praised the 
CAA for its safety work and particy- 
larly mentioned the steps taken to pre- 
vent transport craft baggage compart- 
ment and landing brake fires. He 
added that the transport industry 
hopes that the CAA doesn’t go “over- 
board” on safety though, because an 
airplane could be made so safe that it 
wouldn’t get off the ground. 

M. G. Beard, director of flight engi- 
neering for American Airlines, stated 
that he had watched the CAA grow 
from a necessity to a fact. Crediting 
CAA for great advances in traffic con- 
trol, Beard stated that he believed 
traffic control now was lagging be- 
hind airframes and engine progress 
and unless more “brainpower” was ap- 
plied to the problem, jet transports 
would be on the scene without adequate 
control for their faster travel. Beard 
called for a start on the work now. 

John Reese, in charge of contacts 
with the CAA for the Propeller Division 
of Curtiss-Wright Corp., discussed the 
administration of CAA regulations as 
applied to propeller manufacturers. 
He had praise for the constructive 
criticism and help of the CAA and 
observed that while the policy of de- 
centralization of CAA offices was fre- 
quently of material help, the great 
distance separating the propeller and 
engine manufacturing area of the East 
and the transport building region of 
the West, occasionally delayed testing 
work. 

Chairman Richard Creter advised 
the membership that if a _ sufficient 
number of members wished to resume 
6 p.m. dinner meetings, arrangements 
could be made for use of the Statler’s 
Manhattan Room. He also advised 
that Miss Judy McCormick at SAE 
Headquarters should be contacted by 
all those who wish to register their de- 
sire to have the dinner meeting again. 


Wrights Corrected 
Errors in Lift Data 


® Dayton Sectior 
T. O. Mathues, Field Editor 


Oct. 4—One reason for the Wright 
brothers’ success with heavier-than-air 
craft was that they discovered the in- 
accuracy of existing aerodynamic data 
and developed more reliable data with 
their own equipment, Max P. Baker 
showed. 

Baker is special projects engineer 
with Inland Mfg. Division of GMC. As 
a hobby, he has been tracing the 
Wright Brothers’ early notes and in- 
struments. 

He found a paper written by Wilbur 
Wright describing how the first air- 
plane he and Orville built in 1900 flew 
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put failed to attain expected perform- 
ag rter another disappointment with a 
second machine, they concluded that 
their reference tables of lift and drag 
values were inaccurate. 

Before the end of 1901, they had 
built two wind tunnels—the first out 
of a short wooden box for shipping 
starch and the second about 8 ft long— 
and were collecting data accurate for 
prediction of airplane performance. 

On the same program, Capt. J. G. 
Goppert, of Wright-Patterson Air Force 
Base, described how pvesent-day air- 
craft evolved from the Wright brothers’ 
early research. 





STUDENT NEWS 


University of Colorado 


Lubricating oil analysis can mini- 
mize maintenance costs and maximize 
availability of railroad rolling stock, 
according to Miss Gertrude Patterson. 

Miss Patterson, head of lubricating 
oil analysis for the Denver & Rio 
Grande Western Railroad at their re- 
search laboratory in Denver, spoke at 
the first regular meeting, Oct. 5th. 

She is an expert in spectrographic 
analysis and has a highly developed 
knowledge of diesel and gasoline en- 
gine performance. Her work for the 
railroad is largely concerned with the 
large diesel-electric locomotives em- 
ployed by D & RG. 

he D & R G is pioneering in oil 
analysis to determine maintenance 
needs. ‘‘We have probed deeper into 
this subject than any of the other 
railroads out of necessity, since the 
severest of operating conditions are ex- 
perienced in the Rocky Mountain re- 
gion, combining long hauls with steep 
grades,” Miss Patterson said. 

Oil analysis was first instituted by 
the D & RG during the war when an 
extreme diesel mechanic shortage came 
about. Something had to be done to 
aid the understaffed force in determin- 
ing where engine trouble existed with- 
out going through the time-consuming 
and expensive proceedure of tearing 
the engine down. 

Today, through oil analysis, it is 
possible to detect even slight irregulari- 
ties within the engine in time to pre- 
vent major breakdowns by minor and 
relatively inexpensive adjustments, 
Miss Patterson explained. 

The three major tests run on oil as 
outlined by the speaker are the flash 
test, the filter test, and the spectro- 
graphic test. 

The flash test is made on a half-pint 
sample of oil. By special apparatus 
the oil is heated, and the flash point 
observed. If the flash point falls a 
é ‘tain amount below the normal, dilu- 
‘on Is present and the crankcase is 
drained. 


“The flash test is 95% insurance 
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against crankcase fire and explosion,” 
Miss Patterson said, “and very worth- 
while considering that a railroad in the 
East recently sustained damages of 
$60.000 due to an explosion of this 
sort.” 

The filter test is performed at re- 
gular intervals by the ASTM percipita- 
tion method, employing the use of a 
centrifuge to reveal excessive dirt or 
other foreign matter that would war- 





rant investigation. If 0.5% dirt is 
present in the oil, the crankcase is 
drained. 

The spectrographic test is made by 
reducing a sample of the oil to ash and 
arcing the ash in a_ spectrograph. 
By comparing this sample with lines of 
spectrum taken from a sample of a 
properly running engine the analysis 
1S made. 

“The spectrographic test gives con- 
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for samples. Ask for literature showing en- 
tire line of PALNUTS for quick, 
fastening at low cost. 


Built-in washer 
Wide range of sizes 


secure 








ONE part 


instead of THREE 





THE PALNUT company 
70 Cordier St. 


Irvington 11, N. J. 
Detroit: 5-213 General Motors Bidg. 





MILLIONS OF PALNUTS USED MONTHLY BY AUTOMOTIVE MANUFACTURERS 
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clusive evidence if certain abnormali- 
ties exist,’ Miss Patterson explained. 
“For example, if lead appears in the 
analysis, abnormal dilution is present. 
Iron, tin, or aluminum appearing in 
definite degrees will indicate excessive 
piston or ring wear. If copper shows 
up unfavorably, the main bearing isn’t 
being lubricated properly, and the pre- 
sence of silver will indicate trouble in 
the silver wristpin bearing.” 


The experience data used for com- 
parison were compiled by the labora- 
tory after years of research and study 
of test engines, Miss Patterson said. 
The test engines were run as far as 
100,000 miles, using a lubricating oil of 
known constituency, which was sampled 
regularly, after which periods the en- 
gines were torn down and parts studied 
for wear, corrosion, and pitting. 

—L. E. Johnson, Field Editor 





BAR STOCK 


(3.55 Ibs.) 





and: 


a weight—reduce cost. 


The hinge, illustrated here, is a 


good example of the: 


\ ALUE and versatility of 


stampings to save metal 


and eliminate machining expense. 


* 
| per hour of this 
hinge was increased 550% with 






| ae your product — 
convert to TOLEDO STAMPINGS 


TOLEDO 


STAMPING 
-1.85 Ibs. me (1.7 Ibs.) 











quality and strength maintained. 


This is a dramatic example of 
TOLEDO STAMPING’S 


stock-in-trade. 


*R.S.V.P. (Réspondez s’il vous plait) 


Meaning in American: Please let us hear 
from you. 








@ ARM > 


Es %e 
ce 2 
>» 
Toledo Stamped Pi 
(PAT'D.) 


TOLEDO STAMPING & MANUFACTURING CO. 


Manufacturing plants at: TOLEDO, OHIO and DUBUQUE, IOWA 
Gen. Off.: 99 Fearing Blvd, TOLEDO, OH10 @ Dist. Sales Off.: 333 N Michigan Ave.. CHICAGO, ILL 


513° 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between Sept. 10. 
1949 and Oct. 10, 1949. Grades of 
membership are: (M) Member: (A) 
Associate; (J) Junior; (Aff.) Affiliate: 
(SM) Service Member; (FM) Foreign 
Member. 


Atlanta Group 

Linton S. Bethea (A), Zack T. Lay- 
field, Jr. (A), Marion L. Weaver (A) 
Baltimore Section 


lia I. Islamoff 
Kummerlowe (J). 


(M), Carl Kenneth 
British Columbia Section 


Harry Robert Borrie (J), 
Hepplewhite (A). 


Frank 


Buffalo Section 


Robert W. Falconer (M), Burt James 
Finley (A). 


Canadian Section 


Fred Russell Hazelton (A), Albert 
(Bert) Edward Jagger (M), Ernest 
Albert Middleton (A), Reginald Lyle 
Miller (M), James Ray Montgomery 
(A), William John Scarlett (J), Wil- 
liam H. Wright (A). 


Central Illinois Section 
Harvey M. Sibrel (M). 


Chicago Section 


Elmer Rudolph Bartosek (J), Rich- 
ard T. Burnett (M), Noel R. Corder 
(J), Milo F. Denick (M), E. W. 
Hoogstra (A), James Joseph Kotlin 
(J), S. I. MacDuff (M), Paul Monger- 
son, Jr. (J), Arthur T. Pope (J), C. L 
Sadler (M), Philip H. Sanders (M), 
Robert L. Shallenberg (M), Ludwig T 
Stoyke (M). 


Cincinnati Section 

William Berliner (J), Merton B 
Briggs (M), Jack P. Pedersen (A). 
Cleveland Section 


Howard M. Gammon (J), Harold A 
Hudachek (J), David T. Muckley (A), 
William Elmer Newton (J), William 
J. Pankuch (A), C. F. Sudman (M) 
Forrest W. Sward (J). 


Colorado Group 
Donald L. Giddings (A). 


Dayton Section 


Thomas J. Borgstrom (J), William 
W. Leeper (A), William J. Short (SM) 
James Kenneth Thompson (J). 


Detroit Section 


Charles W. Adams (M), Harry P 
Beally (J), Clare P. Briggs (A), Bruce 


Turn to p. 98 
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* Why? Because the straight radial construction and complete interchange- 
ability of bearing parts in Hyatt Hy-Load Bearings make it easier for you. 
B ! How? Well, for example, you can mount separable bearing parts on one 
sub-assembly and install the balance of the bearing in another, then, bring 
the sub-assemblies together completely confident that all bearing parts 
¥ : | will fit perfectly. 
“en ; And there will be no adjustments, no matching, and no blind fitting. There 
M) jh ccbacaliaall will be nothing to slow down or complicate your final assembly operation. 
Another good reason for the millions of cars, trucks and buses on the 
roads and coming off the lines equipped with Hyatt Quiet Roller Bearings 
in important positions. Hyatt Bearings Division, General Motors Corpor- 
ation, Harrison, New Jersey and Detroit, Michigan. 
jam 
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CLIT TT outboard bearings on extended pin roller chain conveyor 
... to withstand degreasing vapor, dipping bath fumes, high heat, water 
dip, steam, phosphoric acid spray. 


EL TUTT A Morganite bearing . . . the special bearing for special 


conditions ... meets all requirements ...is entirely self-lubricating under 
all conditions. 








SELF-LUBRICATING 
al MORGANITE OUTBOARD 
ten BEARINGS ON 
 ——_ CONVEYOR BELT 
~ ROLLER CHAIN 

sii 
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——_ 
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One application that clearly 
demonstrates the special properties of Morganite 
bearings is their use on conveyor belts involving 
continuous changes of atmosphere and temperature. 
Bearings, pump blades and seal rings of Morganite 
easily withstand these conditions... 

actually operate better when submerged in liquids. 
They are immune to oil, petroleum, water, brine, 
most gids and alkalies. Being self-lubricating they 
do not contaminate contacting liquids and materials 
with grease or oil, impart no odor or taste. 


TRADE MARK INCORPORATED 
LONG ISLAND CITY 1, 


see our 
CATALOG 


SWEETS FILE 
tor PRODUCT BESIGRER 





Additional data on 
Morganite will be 
found in Sweet's File 
for Product Design- 
ers. For competent 
engineering help on 
specific problems 
consult a Morganite 
sales engineer. 





NEW YORK 


Morganite conveyor bearing 


on extended pin of roller chain 


Manufacturers of Morganite Carbon Brushes for all motor 
and generator applications, and Morganite Carbon Piles. 
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\Campbell (A), Harley F. Copp (J). 
| Joseph F. Csernai (A), Charles mw. 
Daniels, Jr. (A), Robert H. Duff (mM, 
Donald T. Ellis (J), James Henderson 
(A), Stanley R. Hood (A), Vincent c. 
Judd (M), George Kalon (SM), Charles 
Stauffer Keller (J), Richard D. Kelly 
(A), Kenneth Peter Kirchoff (J), 
Witold Malecki (M), Robert M. Mor- 
kin (J), Charles Richter, Jr. (A), 
George Paul Vest (A). 


Indiana Section 
Eugene Phillip Welcher (J). 


Kansas City Section 
John Edward Ferguson (J). 


Metropolitan Section 

Morris Harris Alpert (J), Wilbur J. 
Bossome (J), Clarke F. Carey (J), John 
S. Conant (M), George J. Glaser (A), 
Charles A. Jackson (A), Dileep Nil- 
kanth Kashalkar (J), George S. 
Tobias (M). 


Milwaukee Section 


Donald H. Dechant (J), Alfred Wil- 
liam Schaper (M), Ferdinand E. 
Svanoe (A). 

Mohawk-Hudson Group 


W. Clement Palin, Jr. (J). 


New England Section 
William F. Hagen (J). 


Northern California Section 

Joseph Y. Chinn (J), Carl B. Eng- 
strom (M), Donald T. Green (A), Mar- 
tin Smolak (M), Harry James Van 
Auken (A), Frederic R. Watson (M), 
C. H. Wiget (M). 


Northwest Section 

Hilton H. Applegate (A), George M. 
Shrum (A). 
Oregon Section 

G. Douglas Hood (A). 


Philadelphia Section 


Robert Burke Benham (J), Ralph 
W. Benson (M), Charles Herbert Koch, 
Jr. (M), R. Philip Luce, Jr. (M), 
Laurence J. Test (M). 


Pittsburgh Section 
Frederick B. Kruger (J). 


Southern California Section 


Allen S. Baker (M), P. N. Fitzgerald 
(A), Paul L. Garver (M), Cecil Z. 
Green (A), Frank Mayer (M), Frank 
W. Murphy (M), Arthur H. Smith (A), 
Eugene F. Ward (A), George Harry 
Windsor (M). 


Southern New England Section 
John C. Mertz (M). 











Syracuse Section 
William A. Mader (M). 
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Texas Section 


J. Swayne Cummings (A). 


Twin City Section 
William N. Blatt (J). 


Washington Section 
George C. Nield (J). 


Outside of Section Territory 


Robert Lewis Ednie (J), Kenneth 
Glade (SM), Fred V. Hamm (A), 
Ronald Frank Mower (J), Bernard A. 
Peskin (J), John Louis Wantland (J). 


Foreign 


Frederick E. S. Hudspeth (FM), Eng- 
land; John Stephen Langton (FM), 
England; C. H. Latimer-Needham 
(FM), England; Patrocle John Yangos 
(FM), Greece; Victor Gerald Young 
(A), England. 





Applications Received 


The applications for membership re- 
ceived between Sept. 10, 1949, and 
Oct. 10, 1949 are listed below. 





Atlanta Group 
Zack T. Layfield. 


British Columbia Section 


John H. Allan, Conrad A. Anderson. 


Baltimore Section 


Robert P. Gaston, Jr., Eric Albert 


Meyer, Charles F. Schwarz, James C. 
Scott. 


Buffalo Section 


John Dillon Walsh. 


Canadian Section 


George G. Ingles, Herbert Arthur 
Potton. 


Chicago Section 


C. V. Chappelle, Wesley H. Day, 
Stanley David Diamond, Robert P. 
Everett, Russell B. Hagen, Stephen 
Michael Hitchcock, Bruce H. Lundgren, 
John William Mansfield, Francis E. 
McDonald, Frederick Arthur Pitschke, 
C seorge N. Schoonover, Mitchell H. Sis- 
in, Howard W. Sonderman, Richard 
E. Wilkinson, Erwin E. Ziemann. 


Cleveland Section 


Daniel A. Canute, Robert George 
Chown, Carroll C. Colby, William 
Ralston Cox, Kenneth Wallace Cun- 
ningham, Jr., William Ellis Davidson, 
Louis H. Gegenheimer, Christian 
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" out A, os 
Se = Why did 3 large 


Soule Manufacturers 


Switch to“CQOMPO” 


FOR CLUTCH RELEASE SHAFT BEARINGS? 








*NAMES ON 
REQUEST 


























They found “COMPO”: 


1. Saved the cost of two grease fittings, the time for drilling and 
tapping, and eliminated the need for frequent lubrication. 


2. Simplified design problems, speeded assembly and resulted 
in trouble-free operation and minimum maintenance. 


Made from pure metal powders, “COMPO” Bearings are die- 
formed to shape, alloyed at high temperatures, finished to exact 
dimensions, and vacuum-impregnated with lubricant. They can be 
depended upon for countless hours of trouble-free operating serv- 
ice. Self-lubricating qualities make them ideal for use in inacces- 
sible spots. The lubricant is sealed in, free from dirt, and an even 
lubricating film is always present. 

“COMPO,” and other Bound Brook Bearings, are showing 
savings like these not only in other automotive applications, but 
wherever moving parts must run true, smooth and free from 
friction. Thousands of sizes can be made from existing dies; 
hundreds of sizes in stock for prompt shipment. 

Whatever may be your bearing requirements, consult a Bound 
Brook engineer. Mail the coupon below today. We’ve saved time 
and costs for others. We can do the same for you. 


Many types of structural parts can be made of 
“COMPO.” On large volume requirements, their use 
effects great savings by eliminating machining nor- 
mally needed to hold required tolerances. 





BOUND BROOK OIL-LESS BEARING COMPANY 


BEARINGS +» BUSHINGS 
BOUND BROOK, N. J. 





WASHERS + PARTS 
ESTABLISHED 1883 





Bound Brook Oil-Less Bearing Co. SAE 11-49 
Bound Brook, N. J. 


© I would like to talk to one of your engineers about 





CD Please send me a copy of your ““COMPO” Bearing Stock List. 











Name- a Title oa 

Company = 

Street __City State_ eas 
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FOR FREE SAMPLE 


Send us the size of drain plug 
ou are now using. A sample Lisle 

agnetic Plug for testing will be 
mailed without obligation. See it 
work in your product. Write today! 


LESLE 





CLARINDA, IOWA 


bed ded eded ul i 


We 
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LISLE (Zoyorddiow... MAKERS OF LISLE RIDGE REAMERS and OTHER FAMOUS AUTOMOTIVE TOOLS 


Hy 
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George Goohs, Albert K. Hannum, 
Frank F. Hofstatter, Raymond J. Kara- 
binus, John T. Korbuszewski, William 
G. Laffer, Oren Roy Linger, W. H. 
McKenzie, Fred Nevar, Abraham 
Schnapf, Millard G. Wettrich, John 
Norton Wholean, George Gene 
Younger, Donald V. Ziliox. 


Dayton Section 


Truman Gray Foster, Fred A. Irwin, 
Frederick A. Kondrotas, Franklin 
Cameron Lindsay, Robert L. Nathan. 


Detroit Section 


Julius Alberani, Robert Lynch Allen, 
Robert Anderson, Clarence G. Bauer, 
George William Betker, Jr., L. B. 
Billings, Ralph C. Bird, Jr., Edward C. 
Bockstahler, Jr., Stewart P. Bower, 
Robert W. Bristol, Basil E. Brown, 
Vincent A. Buck, Clarence R. Burdick, 
John William Clark, P. K. Coe, Sam 
Dabich, William J. David, Robert F. 
D’Haem, Charles E. Fiske, Todd W. 
Fredericks, John Ross Gretzinger, 
Byron A. Fay, Jr., George Edward Fos- 
dick, Walter Hartung, Terry Hudyma, 
Derald Charles Katterman, Clayton 
W. Kerr, Herbert H. Kietzer, Nelson 
Wilton Kunz, James D. Leslie, Harold 
H. Miller, Donald H. Monson, David 
Palmer Moore, Arlinn H. Myers, George 
H. Primeau, C. B. Quillian, John B. 
Richardson, Louis Joseph Sabatini, 
Darrel R. Sand, Henry F. Schebor, 
Albert P. Schweizer, William Haven 
Smith, Robert H. Spahr, Jr., Frank A. 
Veraldi, James E. Vincenty, Robert A. 
Vogelei, Charles G. L. Walker, Major 
Rex Harry White, Jr., John H. Wilkin- 
son, Jr., John G. Wright, E. E. Zimmer- 
man. 


Hawaii Section 


Clarence C. Montgomery. 


Indiana Section 


Lowell A. Black, Jr., LeRoy V. 
Bradnick, Arthur W. Davis, John P. 
Krebser, Robert Frank Lay, E. A. 
Richards, Allen Randolph Stokke, Karl 
F. Wacker, Morris H. Wilson, Bradley 
A. Woodhull. 


Metropolitan Section 


Henry F. Capell, Gordon W. Duncan, 
Howard A. Grant, August B. Grillon, 
Hyman Hauser, Samuel H. Jackson, 
Bernard J. Kappler, Donato Masucci, 
Jerome Meyerson, James Edwin O’- 
Hara, Michael Vincent  Piccniello, 
Chester J. Ramatowski, Bernard D. 
Rivin, Robert William Schubert, George 
Henry Schwarz, Thomas L. Shepherd, 
Howard O. Spaulding, Freddy Zaal. 


Mid-Continent Section 


William P. Barnes, Bill Eugene 
Council, Charles Joel Mauck, Lewis 
Adair Payne, Robert W. Young. 


Milwaukee Section 


Forrest D. Gunderson, Jr., Bernard 
Arthur Kloehn, Ross Clement Loving- 
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George Lundin, Robert H. Wilke, 
N Carlyle Wogsland. 


w England Section 
Leslie L. Beeten, Bernard A. Fossa. 


Northern California Section 


Francis H. Bradford, Edward M. 
Harris, Joseph H. Kalakian, Robert 
Aneus McDonald, B. Clinton Merithew, 
Robert F. Peterson, William Britt 
Roberts, Fred William Schmidt. 


Northwest Section 


Robert G. Loser. 


Oregon Section 


Harry A. Dozier, David G. Kincaid, 
W. F. Romp, Sr. 





Philadelphia Section 


Malcolm Fox, Wiliam D. Gorman, 
Otis W. Marshall, Jr., Morris S. Ojalvo. 


Pittsburgh Section 


James F. Drake, Jr., Edward J. 
Kenna, William F. McClellan, Harry 
H. Takata. 


fae ¥ 


St. Louis Section 


Charles Franklin Dunlap, John M. 
Hartman, Ernest Edward Kornya. 


Southern California Section 


Harold W. Bailey, Allan G. Bell, Don 
B. Black, W. F. Cronin, James William 
Dawson, Mitchell O. Dion, Norbert 
Stark Gurell, Robert D. Koontz, Ray- 

mond F. Mahood, Donald S. Marden, 
' Reynolds J. Mitchell, Roy J. Porter, 
“ Joaquin A. Saavedra, Edwin J. 
| Schmidt, Jack Elliott Scott, Leo M. 
- Shanahan, Gerald H. Smith, Robert E. 
: Strasser, Mehmet Ayhan Turkkan, 


(igs Ser A IR 


use 


Joseph B. Violette, William Marma- 
duke Withrow. 
Southern New England Section 
: John L. Cochran, Charles A. Peek, 
: Jr., Alexander A. Zwierzchowski. 
i Texas Section 


R. P. Akey, William B. Purnell, Leslie 
Alfred Ratliff, Jr.. Joseph R. Shewitz, 
Constantine M. Xeros. 

Virginia Section 
Robert E. Hale, Jr. 


Washington Section 


David S. Graham, Simon Papazian, 
James E. Zulick. 


Wichita Section 


Wilbur C. Weissmann. 
Williamsport Group 

Merrell R. Fenske, Harry Guttman, 
Joseph Haag. 







Outside of Section Territory 
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David H. Farley, Edwin Lee Johnson, 


Jr., Joseph P. Duggan, George Rex 
Edwards, Horace S. Jeffrey, John L. 
Korleski, Jack L. LaVern, Henry W. 
Pfeifer, Vincent George Polovkas, 
Armin R. Reinert, Jr., Jack L. Roberts, 
William F. Smith, Jr., Edward M. Stiles. 


Foreign 


Attilio Bonesi, Italy; Hubert Diet- 
richs, Germany; James H. Grimes, 
Sau‘di Arabia; Lawrence Derek Watts, 
England; David Fiarweather Young, 
South Africa. 












HAVE YOU 
|Changed Your Address? 


So that your SAE mail will reach 
you with the least possible delay, please 
keep SAE Headquarters and the Sec- 
retary of your local Section or Group 
advised of any changes in your address. 
Such notices should be sent to: 

1. Society of Automotive Engineers, 
Inc., 29 West 39th St., New York 
18, N. Y. 
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HOTEL BOOK-CADILLAC 


1200 Rooms 











Donald R. Basham, John J. Daus, 





YOUR SAE “BOOK” CASE 


Volumes of evidence bear witness to 


our service, warmth and hospitality. 


FAY M. THOMAS 


Vice President-General Manager 


WASHINGTON BLVD., DETROIT 31 










































ul 





Test JET ENGINES 
Safely... QUIETLY 


RIGHT IN THE PLANE 
Anywhere 


¢ ON SMALL AIR STRIPS 
¢ IN OR NEAR YOUR PLANT 
¢ NEAR RESIDENTIAL AREAS 


WITH THE | 


s 
T cert o™ 





PORTABLE 
Get “lest 
MUFFLER 


Another engineering triumph 
of INDUSTRIAL SOUND CON- 
TROL, designer and builder of 
most of the aviation test cells 
now in use. 


* Dampens Noise Efficiently 
* Deflects Hot Gases Safely 
* Instantly Moved Anywhere 





W rite, wire 


or phone us 
for full 


information 











HUNG 


— 
- 


* 


45 Granby St., Hartford, Conn. 
2119 Sepulbeda Bivd., Los Angeles, Calif. 














2. The Secretary or Assistant Secre- 
tary of your Section or Group at the 
addresses listed below: 


Baltimore 


Ward L. Bennett, Baltimore ‘Transfer 
Co., Monument & Forrest Sts., Balti- 
more 2, Md. 


British Columbia 


Burdette Trout, Suite 6, 1436 Pen- 
drill St., Vancouver, B. C., Can. 


Buffalo 


Robert W. Morgan, 32 Windover, 
Hamburg, N. Y. 


Canadian 


Frank G. King, Canadian Automotive 
Trade, MacLean-Hunter Publishing 
Co., Ltd., 481 University Ave., Toronto 
2, Ont., Can. 


Central Illinois 


James C. Porter, 120 Isabel Ave., 
Peoria, Il. 


Chicago 


Floyd E. Ertsman, Chicago Section, 
SAE, 1420 Fisher Bldg., 343 S. Dearborn 
St., Chicago 4. 


Cincinnati 

B. E. Bennett, 55 Park Ave., Elsmere, 
P. O. Erlanger, Ky. 
Cleveland 


(Miss) C. M. Hill, 7016 Euclid Ave., 
Cleveland 3, Ohio 


Dayton 


Fred Schwenk, Fred’s Auto Hospital, 
1522 Xenia Ave., Dayton 10, Ohio 


Detroit 


(Mrs.) S. J. Duvall, Detroit Office, 
SAE, 100 Farnsworth Ave., Detroit 2, 
Mich, 


Hawaii 


Fred Hedemann, 2110 A Kakela Pl., 
Honolulu, T.H. 


Indiana 

Charles K. Taylor, L.G.S. Spring 
Clutch Corp., Indianapolis 6, Ind. 
Kansas City 


John P. Dranek, Box 304, Grandview, 
Mo. 


Metropclitan 


(Miss) J. A. McCormick, Society of 
Automotive Engineers, 29 West 39th 
St., New York 18, N. Y. 


Mid-Continent 

Delton R. Frey, 1427 S. 20th St., 
Chickasha, Okla. 
Milwaukee 

Charles H. Duquemin, Le Roi Co., 
1706 S. 68th St., Milwaukee 14, Wis. 
New England 


Edward G. Moody, Ed. G. Moody, 
Inc., 680 Columbus Ave., Boston 20, 
Mass. 
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Northern California 


Morris H. Pomeroy, P. O. Box 427 
Burlingame, Calif. 


Northwest 


Alfred P. Nelsen, Wagner Electric 
Corp., 1918 First Ave., S. Seattle 4 


Oregon 


Edward A. Haas, 6334 N. Missouri 
Ave., Portland 11, Oreg. 


Philadelphia 


Linn Edsall, 2301 Market St., Phila- 
delphia 3, Pa. 


Pittsburgh 


Warren J. Tiff, Equitable Auto Co., 


214 N. Lexington Ave., Pittsburgh 8, 
Pa. 


St. Louis 


August H. Blattner, Carter Carbu- 
retor Corp., 2840 N. Spring Ave., St. 
Louis 7, Mo. 


San Diego 


Jerome J. Wheeler, Jr., 7321 Oak- 


wood Dr., Linda Vista, San Diego, 
Calif. 


Southern California 


Charles L. Fernau, Standard Oil Co. 
of Calif., 605 W. Olympic Blvd., Los 
Angeles 15, Calif. 


Southern New England 


Alexander M. Watson, 81 Foxcroft 
Dr., Manchester, Conn. 


Spokane-Intermountain 


Peter J. Favre, 10 W. Third Ave. 
Spokane 8, Wash. 


Syracuse 


Leslie R. Parkinson, 117 Harrington 
Rd., Syracuse, N. Y. 


Texas 


Ross A. Peterson, Texas Trade 
School, 1316 W. Commerce St., Dallas 
8, Tex. 


Twin City 

Wayne E. Schober, 4620 Columbus 
Ave., Minneapolis, Minn. 
Virginia 

Robert P. Knighton, Esso Standard 


Oil Co., Broad & Hamilton Sts., Rich- 
mond 21, Va. 


Washington 


Hyman Feldman, 3222 M St., N.W., 
Washington, D. C. 


Western Michigan 


Thomas Reeves, Continental Motors 
Corp., Muskegon, Mich. 


Wichita 


Virgil W. Hackett, 143 N. Fountain, 
Wichita 8, Kans. 
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